

The Journal of Clinical Investigatior 

EDITED FOR THE AMERICAK SOCIETY FOR CLINICAL INVESTIGATIO: 


EDITORIAL BOARD 
RANDOLPH WEST MD, EuiroR-ih-CniEr 
Prfs^j,t^ncn Hospital, Nao Vcrl, N Y 


Vt * G Eu\Rr, M D , Nm Haicn, Corr 
Hr-Ti'^AS L, M Boston, Mass 

lA'^rs L. Gam^ix, M D , Brcoth'if, ^[css 
r Lo^x. Ncu Ycrh, N 1 

FrA> K N WitSOIw 


WXLUAM S McCA^K^ M D , Rochester, N 
C PniLLTP Miuxr, M D . Chcaqo, lU 
John P Pfnros, MJD^ Ncta Hai^n, Conn 
Thomas M Ri\trs, M D , Nctv York, N 
, Ann Arbor, M\ch 


Tht E6i\DTial ComituUcc oS tVic Ammcan Society £or Ctiiucal Investigation 
D\x r P B AFft, M D ^ 5*/ Louts, Mo L. Emmitt Holt, Jr,, M D , Betftmorr, ^fa 

Yv ^LT^L BAtTR, 21 D , Boston, Mass Robi:rt F Lom, ME) , New York, N Y 

I tre G BL,^KX, 21 D , AVc He cn, Cenn Edi\ari) H Masov, M D , Mot treat Canai 

Afthlf L Bloo "^^ nru), M D San Frarctsco, Caltf Hugh J Morgan, MX) , NashvtlU, Tenn 
Aput \ Boer, '£ D , Boston, ^fass Thomas M Rivers, M D , Neio York N 

C Srp'^ iTv BtT\ Tix, M D , JBastent Mess t iPP Fred M Smith, M D , lent a City, loxvo 

Qzc^gz P , Ga^ western, * * Isaac Starr, M D , Phladelp) xa, Pa 

^ , JosETH T\ MD, CltvAorA, Ohio 


The Jolr CuMCAS4Rfe^jGA- 

T30^ js dcsignea tor the publication of orig- 
inal m\esLgatjons dealing \Mth or bearing on 
the proVen-^s ox disease in rnan Each 'vol- 
ume uill consist 01 6 bimonlhl) issues appear- 
ing througitout the calendar jear 

Contributions should be sent to the Ed- 
itor-m-Chief, Dr Randolph West, Presby- 
terian Hospital, 622 West 168th Street, 
New Yo^'h, K Y Authors ma} purchase 
at scheduled pnees Further infor- 
Oi^atiOn rega^d’ng the preparation of manu- 
^enp s mav be nbtaired from members of the 
Ed^tem-'^ Boara of the Journal or of the Edi- 
tc^al Comrmttce of the American Societ} for 
Onurl In%cS^;g?Uom 

Tre sdh^cnn'ion pnee is SIO per volume 
of 6 Inmnthl^ issues reoresentxng the issues 
of a calendar vea^, fo^e!gn coantnes $10 50 


"'Single copies sold when available Sul 
tions arc net postpaid Remittance sho 
made by draft, check or postal money 
payable to The Jourval or Cukica 
VESTTGATioN, Pnncc and I-xmon Sts , 
caster, Pa., or 654 Madison Ave , New 
Gaims for copies lost m the mails mi 
received wathin thirtj dajs (domestic), i 
days (foreign), of the date of issue Q 
of address must be reccncd at least two 
in advance of issue. 

Correspondence concerning bu'^incss 
ters should be addressed to Tnr Joupn 
Cu> xcAE iKvmsTiGATiov, Pnncc and 1 
Sts , Lancaster, Pa , 654 Madison 

New’ York, 




The Journal of Clinical Investiga 

EDITED FOR THE AMERICAN SOCIETY FOR CLINICAL INVESTI 


EDITORIAL BOARD 

R\>.DOLPH WEST, MD, EDiTOP-r -C hiff 
Prtstjyicncj Hos^raJ, Kcu^ York, N Y 


Fr^' G Blaj r M D , jXcu^ Hctki Cony 
Hr"-! L Blumc^pt, 3^1 D Bcsior, Mess 
T\^F'^L GMttir 3>rD Brookiv c, ^fass 
Lm, M D, iorl, \ Y 

Fpv'kX Wilson, 


WlXXTAM S McCa' n, ^f D . Kochts 
C PniLur Milixp, M D , C/ icaffo, 
John P Pftfps, MD AVt Ha ^ ot , 
Thomas M Ri\xKS, Af D, Nac Voi 
D f Af n Arbor, \ftch 


The Editonal Comnittce of the Amcncan Soacty for Clmical Investigation 


D\ 10 P Ba.pp M D , 5*/ Louts, Mo 
\\ KV'ip Vmi^ }AD Boston ^lass 
*vL*HiP I Bloo’* r^iXD M D, San Francisco Cchf 
\ru^ V B'vr, JfD, Bo^*ot \fass 
C Su'f\ Ikrwixi^ 'IsiD , Bos^or, ^fass 
Tho'''as Fi s CIS, Jr , M D AVt ) or/, Y 


L Emmlit Holt, Jil, Af D , Baltwi 
CiirsTFp S KnEFEn, M D , Boston, I 
Ropept F Loeh A1 D iV<rt 3 ork, A 
Eduard H AFason, M D , Montria! 
Hlcu J AIorcvn, Af D Noshi^tHe, 
DAnn T Smith, M D , Durham, N 


O'* f rr Iv llrj'RMA' MD, Gohcst^ni Texas Frrp M S'rirn, MD, Jo ^ t*a Ctty , h 

Is we Starp, M U, Phtladclpl ta , Pa 


Tnr JoX/'R^AL of Clivical In^tstica- 
TiON IS designed for the publication of ong- 
mil m\cstigations dealing with or bearing on 
lie p*"ob!crrs of disease m man Each lol- 
i»^e will consi'^t of 6 bimonthly issues appear- 
mg thro' ghout the calendar ) car 

nr'hutions should be sent to the Ed- 
no^-in-Chief, Dr Randolph West, Presby- 
terian Hospital, 622 West 168th Street, 
Nev York, N Y Authors ma\ purchase 
repnn^s at scheduled pnees Further jnfor- 
Hmi ^ec^arding t]4e preparation of manu- 
cenp"*^ nnv be obtained from mcmber<= of the 
Edi‘( Bo-'rd of the Journal or of the Edi- 
Om mltcL of the Amencan Society for 
C I icnl Inves^ic:-^ on 

T1 e <^’n.''rpnon p^ce is $10 per aolume 
cl 6 L '^'^nthh i^'ues rcp^e^^enting the j'^^^ues 
tF a cr }ear, foreign countries $10 50 


Single copies sold when a\ailablc 
tions are net postpaid Rcmittanc 
made b) draft, check or postal mi 
payable to The Journal of Cli 
VESTicATioK, Ptmcc and Lemon 
caster, Pa , or 654 Madison Avc , 
Claims for copies lost m the mni 
rcccncd within thirty days (domes 
dajs (foreign), of the date of issue 
of address must be reccncd at least 
m ad\'ancc of issue 

Correspondence concerning bin 
ters should be addressed to The J 
Clinical IhVTSTiGATiov, Pnnee ; 
Sts , Lancaster, Pa , or 654 Mac 
Xew York. 


Er xs t^Jbzs k, 15J1, at th^ Post OEcc at Lancaster, Pa mdtr 1 

Marcn 3, 1S79 

Cep *n::^t xiszt- can Soef^w ic' Cj:r coJ Ir C5tisation 



THE EFFECT OF ECLAMPTIC BLOOD UPON THE URINARY OUT- 
PUT AND BLOOD PRESSURE OF HUMAN RECIPIENTS 
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(From the Department of Obstetrics and Gynecology Unwersxty of Southern Caltfomta School 
of Medlcme Los Angeles) 

(Received for publication December 20, 1937) 


he experiments desenbed below were under- 
n with two purposes m mind, first, to deter- 
j whether the transfer of 400 cc of blood 
[1 patients -witli severe preedampsia or eclamp 
to normal pregnant women would have any 
:t upon the blood pressure, unnary output, 
symptomatology of the reapient, and scc- 
ly, by standardization of the procedure, to 
over m eclamptic blood traces of postpitiutary 
none in excess of the amount which might be 
ent m normal blood 

UTERATUHE 

ic toxicity of the blood serum in eclampsia has been 
ed by numerous workers with varying results Bc- 
n 18W and 1895, all workers agreed that ccIampUc 
1 tcrum was more toxic to animals than normal 
m The work of Volhard (1) and Schumacher (2) 
sot support these conclusions. In 1920 Buntm (3) 
sferred blood from cclaraptics to* normal humans m 
ints up to 1 000 cc, “ without demonstrating cdaraptac 
ms or cerebral mtoxication ” in the recipients The 
ils are very meager and he does not mention any 
rvations on the blood pressure or unnary output of 
i recipients, Livy Solal and Tzank (4) believed that 
experimental mtracardiac injection of terura from 
nptic patients showed a greater toxicity than that 
1 normal pregnancy Lash and Welker (5) review 
literature and conclude from the study of two 
nphes that the blood serum proteins of normal and 
nptic women s blood show no evidence of toxiaty 
' injection of large doses intrapcntoneally mto mice, 
i 1918 Hofbauer (6) advanced the theory that 
npsia is due to an cxccssne secretion of postpitm 
hormone. In 1931 Anschmno and Hoffmann (7) 
sed considerable interest with their announcement 
ultrafiltrates from the blood of women with tox 
s of late pregnancy inhibited diuresis in rabbits m 
i^t with control experiments. The rabbit, unfor 
Vy is not an ideal ammal for assaymg antidiuretic 
tantes but their results suggested that there was a 
instrablc excess of postpituitary hormone m the 
d of women with eclampsia or preeclampuc toxemias, 
1934 with improved technique, Byrom and WUson 
and Theobald (9) repeated these experiments m 
ndently and obtained ne^tive results The first 
trt used the method of Burn (duration of inhibi 


tion of diuresis of rats), while Theobald used dogs as 
test ammals. The latter also determmed that dosages 
of postpituitary hormone as low as 0005 to 001 mter 
national units ivould inhibit diuresis m man, and m 
pregnant women near term, deWesselow and Gnffitiis 
(10) and Page (11) have failed to find any mcrcascd 
amount of pressor substances m the blood of pabents 
with toxemias of pregnancy Hunvita and Bullo<^ (12) 
repeated the experiments of Anselmino and Hoffmann 
and found neither anbdiurctic nor pressor substances in 
toxemic blood, Levitt (13) and Melville (14) mves 
tigated the problem with improved methods of extraebng 
anbdiurctic substances from blood and agree that their 
results cannot support the original contentions of Ansel 
inino and Hofifmann, 

The normal mechamsm of water and saline diuresis 
and Its inhibition is well summanicd by Best and Taylor 
(IS) The exact mechamsm of the postpituitary anb^ 
diuresis however is not understood. More recent in 
vesbgatloos indicate that the hormone acts directly on 
the kidney to allow a greater rcabsorpbon of cblondea 
and water by the tubules Renal denervation docs not 
abolish the response (Samaan (16)) It is defimtely 
established that several hundred times the minimal anti 
diuretic dosage is necessary to effect the blood pressure 
of unancsthctiied animals, and since no anbdiurctic suh^ 
stances have been found it is illogical to assume that 
the hypertension of eclampsia could be due to post 
pituitary hormone alone. The mvesbgations of Heller 
and Urban (17) Levitt (13) Melville (14) and others 
show that the hormone disappears rapidly from the ar» 
culabng blood after mjcction and more slowly from 
human blood in xntro It has been demonstrated that 
the hormone is rapidly adsorbed in varying amounts by 
different body tissues hver kidney and brain tissue 
adsorbing far greater quanbbes than blood or any other 
tissue. There is a fairly rapid excretion of the hormone 
m the urme, and Heller and Urban suggest that there 
is also a speafic (?) ferment responsible for its dc 
struction. All of these factors may contribute to its 
rapid disappearance from the drculabon. Following the 
mjeebon of large amounts of pituitrm into animals, from 
1/100 to 1/10/)00 of the hypothebcal amount present in 
a measured volume of blood may be recovered after 5 
to 10 minutes (the amount depending largely on the 
method of extraction) while after 30 minutes no traces 
of tlie hormone can be discovered 

Dock, and Rjtand (18) Collins and Hoffbauer (19), 
and others ha\T failed to find pressor substances in the 
blood of animals with cxpcnmental renal hypertension. 
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"r (2^)), Pr nrTrc*a1 Fncdnan ind 
I) tnr«fu'^ ro^mal lumans wiXh 

< \vh ci^cninl 'i^d milimant hvpcr- 
- 1 *1 n<c of blood p^c^surc in 

^ ''cc mo^* 1 %7<rtcn^uc ctatc^ hi\c man> 
n, t' c<o ^b<c*“vnttnns arc of 'omc im- 
i c * Ld\ o: cclampMx 

IC\E 'lATlRlAL \ND METHODS 

to detect the presence of antidmrctic 
Tn adequate diuresis must be cstab- 
is was done In two methods, admin- 
:onstTnt \olumc (300 to 500 cc ) of 
nouth each hour and wailing for a 
\nt high output of unne, and sccondl}, 
T \LT} large qinntit} of fluids hy 
3ntra\cnouslv at one time to establish 
curve With the constant \olumc 
immediate drop m \olumc during the 
mg the injection of a substance, with 
tor\ n‘^c during the second or third 
ntcq^rctc'd as indicating the presence 
tic substance With the diuretic curve 
uch appears to be more sen^^itnc, the 
\ solution or blood was gi\cn while 
output was rapidl) increasing A sud- 
'C, V ith interruption of the cur\e, m- 
anlidiurttic response In c\cry pa- 
d, a diuresis was established b} one 
o methods 

of obscrvntion were made 

quantities of postpituitar} solution 
ed to determine the minimal dosage 
d interrupt the human diuretic curve 
lurd’-cd cc of atrated blood from nor- 
\ ere aamimstcred to stud} the effects 
tmnvfubions on the unnatn output, 

0 di^cotcr whether there is anv anti- 
^arce p’“c«^cnt m tnat amount of nor- 
Ucod 

qu'inati^> of postpituitar} solution 

1 \ vh 500 cc of rormal atrated blood, 

’ o at boiv icmpe^ntiire for 

Oi vO dc^cnnine whether 


mone could l>c passed througli the donor ane 
CAcrt its antuhiirctic effect upon the recipient 
5 \’'ar}ing amounts of blood were transferred 
from patients with severe prccclampsia or cclamp 
sia to women who were normal except for see- 
ondar} anemn The effects of these transfusions 
on the blood pressure, s}nnptomatologv , and di- 
uretic curves of the recipients were studied 

All of the rcapicnts were women who were bed pa 
licnts on obstetneal or g>TJCcological <?crMccs The nun 
her of expenments w*as limited because of strict enter 
for the recipients which included (1) absence of nr 
acute anemia with loss of blood volume or shock c 
hj-polcnsion, (2) good general ph>sical condition, (3) r 
abnormal unnar> findings, (4) normal circuhtor> s)' 
tern (5) no dch>dration, (6) a definite indication fc 
therapeutic transfusion, and (7) consent of the patien 
Several experiments were discarded because a situ 
factor} diuresis could not be established, and sever' 
others because of technical difRcultics (loss of a urir 
specimen due to spill, dcla> in completion of transfusio 
because of clotting of the blood, failure to 1 cep tli 
needle in the \cin, etc ) 

In each patient, a retention catheter w*as inserted an 
left in for the duration of the experiment With th 
constant volume method, specimens were collected cac 
hour, or even thirt) minutes With the diuretic curv 
method, specimens were collected cvcr> ten minute 
(leaving the catheter open), or the rate of output wn 
recorded on a 1- >anograph With the k^anographic re 
cordmgs a large cork w'as floated in a c>hndcr of sue) 
diameter that the addition of 10 cc of urine rcsultci 
in a change of 1 mm on the record The disadvantag 
of this method, however, was that the specific gravit; 
could not be determined on the indivadual specimen' 
and It vas found to be more 5aiisfactor> if the observe 
sat by the bedside, collected the samples every ten o 
tvvent) minutes, measured the volume in a gradual^ 
cjhnder and recorded the specific gra\it> wath a h> 
drometer, supcniscd the fluid intake and admimstratioi 
of the blood or postpituitar> solution, and recorded th- 
blood pressure at frequent internals Lrinary output i 
expressed as a rale m cubic centimeters per hour 

When it vas desired to establish a diuretic curve th< 
patient v^as given 500 cc. of water to drink within 1! 
minutes, and 800 cc. of normal saline intravcnousl> a 
a verv slov rate Ivo harmful cfiFccts v»cre ob'^rvCf 
from this procedure alone, and there v'as no significan 
rise in blood p'^cssure Diuresis v ould " v lUim 3' 
nunu^C' f 

Ob^ etneal p tmtrm (P D ) containing 10 intcrf^^7 . 
units p^r cc. w'as u*^ed cxclusncb In determ ning th* 
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id, and from the amount given the dosage of 
ry extract could be calculated Aa noted he 
s found that as little as OOl unit would exert 
able antjdmretlc effect 

he pltultnn was given to the donors, It was 
to the buttocks about one minute before start- 
thdrawal of blood It would take between 12 
mutes to withdraw 500 cc. The blood was 
1 300 cc. of salme containing suflSdent sodium 
prevent coagulation* 'When atrated blood was 
the juice of a lemon ivas given by mouth lo 
liurctic action from the equivalent amount of 
(Id be ccwtroUod The amount h either case 
/ too small to exert any significant effect 
ases where blood ivas transferred from toxcm 
rnials an effort was made to withdraw the 
ng on acute phase of the disease, particularly 
blood pressure was high* In all instances the 
started into the recipients vein* withm 10 
:ter its withdrawal and was given at a rapid 
0 60 cc. per minute) The blood pressure of 
mt had prcnoujly been checked every few 
>r an hour to est^dihsh a basal level* In five 
perimcnts where normal blood was given, it 
that m the absence of shock with hypotension 
irrhage, the systohe pressure did not nsc more 
m*, and there was no change in the diastolic 
except for a slight fall in two cases) when 
re given at the same rapid rate* 

RESULTS 

‘Seven determinations of antidiuretic ef- 
cther wth blood pressure curves were 


performed on 28 patients The data are not suit- 
able for presentation m tabular form, but are 
summarized below The more significant results 
are shown graphically m the accompanymg charts 
The blood pressure curves are omitted m all but 
the last group of expenments, for there were no 
significant changes in any of them* The dosages 
of postpitmtary hormone used were considerably 
smaller than the minimal dosage reqmred to af- 
fect the blood pressure It was for this reason 
that the antidiuretic effect of the hormone 'was 
chosen to demonstrate the small traces which 
might be present m human blood 

The two forms of charts presented may appear con 
fusing When the hourly urmary output is indicated by 
solid blocks, it mdicates that the constant fluid intake 
method was used and the hourly intake is shown by 
unshaded blocks* Where kyraograpbic recordings were 
made, or where the diuretic curve method 'wai used, the 
rate of urme flow (cc. per hour) is shown by a simple 
line graph 

1 The antidiuretic effects of postpitmtary hor- 
mone Twelve determinations were made, us- 
ing various dosages of the hormone* Four char- 
acteristic responses arc shown m Figure 1 An 
injection of 0 001 unit intramuscularly produced 
a questionable decrease in the urinary output m 
one experiment However, 0 01 unit produced a 



FTECT OF Small QuAimroa of Postpituttajiy Hohmone upon the Diuresis Cuivcs of Four Human 

Subjects 

curves obtained by ingestion of 500 cc. of fluids, with addition of 800 cc- of normal saline mtravcnously ) 
^10 unit pituitnu mtravcncmsly 

J? 0 1 unit pituitrin m 400 cc. normal saline intravenously 
CIO umt pituitrm mtramosctilarly 
Z7 0 01 unit pituitrin mtravenously 
^ — I = time fluids given by mouth and intravenously 
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Fig 2. Eftzct of 500 cc of Nojimal Blood upok nre Urinary Output 
(In Subjects I, IT and TV, diuresis was obtained by ingestion of 350 cc, of ivater every hour In Subject III, 
800 cc. of saline were given intravenously at beginning of cxpcnmenL) 


Hi = 500 cc. atrated normal blood intravenously 
+ BL*. 

In II and IV, there appears to be a definite but slight immediate antidiuretic action. In I and III there is a 
questionable delayed response. 


pituitnn m 400 cc of atrated blood on the same 
patient The antidiuretic effects are almost iden- 
tical 

4 The effects of m woo mixtures of blood 
Olid posipiiuitary extract There have been only 
four opportunities for such experiments, and 
the results arc equivocal Twenty umts of pitui- 
tnn were given intramuscularly to three male 
donors at the start of withdrawing the blood In 
a fourth expenment, 40 units were given Tlie 


height and weight of the donors were obtained 
and the blood volume estimated Five hundred 
cc of blood were withdraivn dunng the 15 min- 
ute interval following the injection, and given to 
normal anemic reapients No immediate anti- 
diuretic effects were noted In one case there 
was a marked increase of urinary output, m two 
others essentially no change except for a slight 
decrease during the second hour, and in tlie last 
experiment there was a slight decrease within the 




IHHH 

1 



I 

1 








Fia 3 Effect of Adding PrrurnuN to Blood tn mfro 
I and n same patient two days between experiments. 


^ I 800 cc, normal saline mtravenomly 
A 500 cc. normal blood intravenously 

jB 500 cc. normal blood to which had been added 2.0 umts of pitmtrfn one hour before. 
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definite Muuliurcsis lasting for 45 minutes (Fig- 
ure I, I\ ) In ivo experiments, 01 unit pro- 
duced a nnrkcd effect lasting from to 
hours (v hen gi\cn intra\cnousl} ) In three ex- 
periments, 1 0 unit produced an antidiurctic re- 
sponse lasting from 1 to 3 hours , 0 5 unit pro- 
duced the same result T\\o units were used 
l\vicc V ith similar results, the effect lasting about 
l\ o 1 ours, 3 0 units %\crc used twice, with im- 
mediate and marked antidiurctic action lasting 
o\cr two hours 

In all ca^iCb where amounts down to and in- 
cluding 01 unit of pituitrm were used, the rate 
of urmara flow fell from sc\cral hundred cc per 
hour to a rate well below 100 cc per hour, and 
in 'comc instances there would be onlj 3 to 4 cc 
of urine secreted dunng a ten-minutc intciwail 
It ina\ be slated with some assurance, then, that 
nn\ amount of poslpiluitarj solution equuxilcnt 
to 0 1 unit (and probabK as lov as 001 unit) 
ma\ be re add} delected bv these methods 

It would be wortli while to mention the details of 
one ca*^e where ‘;%‘mptoms developed from the retention 
oi \*ater rc<nllinf: from antidiurcsi*? Following the ad- 
inmi iration of 800 cc. of «ahnc intrav cnou*^l> together 
V uh 1 0 mil (0 1 cc of piluitrin) and 500 cc of winter 
In riuaih, there was an immediate drop in the rate of 
iiri ar\ cnitput irom 600 cc per hour to 20 cc per hour, 
the anMchurc'i*^ Ia«;ting for tv o hours At the end of 
tbi^ lime, «!ic iKrpan to complain of severe frontal and 
ccc p lal headache^ blurring of \i‘^ion and <he then 
dc c’o,^tl homoumoa"^ hemianopsia She dc'^enbed sco- 
tc-r via wh eh vve^'c apparcntlv the <;amc as tho^e expen- 
c^cc'l bv patients v ith late toxemias of pregnancy 
\\ 1 ' a 50 miautc': there was a marled incrca‘^c m the 
a*n o tpat v ith a compeavatorv ri’^c to a maximum 
r^*c oi 1 cc p^** h^ur and all the svanploms disap- 
ro time was there anv n«c in blood pressure 
Tie were cxanin^ during the svmptom*^, but no 

re al ede^a was ''o cd 

T} ^ a»‘«r-p on of ’u tarv hormone bv b^in 

t 1 ca of watc’' th^rcbv is greater than 

t c 1 r ti^^ue m *hc IkxIv (17) It would 

e a ) tJ e^c^o-e that the svanp o^s m this 

e c i^ edema This docc^ ro rrcaa, 

' \rvc^ \ ^-1 dr^ i*’'ba''ces ard headaches ex- 

^ i ^f'xc^ a« o: ]i‘'ecraarcv arc due to the 

e f ’ ^ ^ \a*e^ oxica im alore 

c^c' ml ed'^^a rc'^v pmdjcc «im*- 


mal donors to patients with clironic ^ccondar) 
anemia were obiscrvcd on 9 patients There was 
no significant rise of blood pre^^sure during the 
transfusions, except for a brief rise of 10 to IS 
mm Hg s}stolic during and immcdiatcU after 
the insertion of the needle This wa«; inter- 
preted as a pain response 

Half of the amount of blood given was arbi- 
tranl} selected as representing fluid intake dur- 
ing that hour I have not been able to ascerinm 
whether an} or all of the blood should be counted 
as representing fluid intake The blood, how- 
ever, docs not appear to increase the total iinnar) 
output during the next few hours On the con- 
trar}, there is a constant decrease of urmai*}^ out- 
put during the second hour after the transfusion 
in all 9 experiments, and I am at a loss to explain 
this phenomenon Could it be due to the addition 
of proteins which increase the osomotic pressure 
of the total blood stream^ Since the effects of 
postpitmtai*} extract arc immediate, this dcla}ccl 
response can hardly be attributed to the hormoncl 

In four of the nine experiments, however, therei 
appeared to be a slight wnnedwte drop in unnar}i 
output (eg , Figure 2, III and IV) This may 
be due to the presence of small traces (less than 

0 01 ox}tocic unit) of pituitrm in the 500 cc of 
normal blood Such findings arc of significance 
as controls for the last group of experiments 

3 The effects of in vitro inirtnrcs of blood 
and postpiiuiiary cvtract In six experiments, 
venous amounts of postpituitar} extract (0 12, \ 

1 0, 1 4, 2 0, 2 0, and 6 0 units) were added to ) 
500 cc of normal blood and allowed to stand for 
30 to 60 minutes at bod} temperature before giv- 
ing it to the recipient In each ease, an imme- 
diate antidiurctic effect was noted after starting 
the transfusion The magnitude and duration of 
the effect vas roughl} equivalent to the amount 
of pituitrm added Under these conditions, there- 
fore, blood docs not complctcl} dcstro} or in- 
Inbit the action of the hormone within the stated 
time limits 

Figure 3 compares the effect of normal blood 
with blood to which had been added 2 0 units 
of pituitrm The same patient vas utilized for 



EFFECT OF ECLAUmC BLOOD ON URINARY OUTPUT 


211 



Fig 2. Effect or 500 cc. of Normal Blood upon the Urinahy Output 
(In Subjects I, n» and IV, diurcsts was obtained by ingestion of 350 cc. of water every boor In Subject HI 
800 cc. of saline were given intravenously at bcginnmg of experiment) 


= 500 cc. atrated normal blood intravenously 

In II and IV, there appears to be a definite but slight immediate antidiuretic action. In I and III there is a 
questionable delayed response. 


pituitnn m 400 cc. of atrated blood on the same 
patient The antidiuretic effects are almost iden- 
tical 

4 TIic effects of in vwo mixtures of blood 
and post pituitary cr tract There have been only 
four opportumbes for such expenments, and 
the results arc equivocal Twenty umts of pitui- 
tnn were given intramuscularly to three male 
donors at the start of wlthdra^vlng the blood In 
a fourth experiment, 40 imits were given The 


height and waght of the donors were obtamed 
and the blood volume esbraated Five hundred 
cc, of blood were withdraw dunng the 15-irun- 
ute mtcrval following the injection, and given to 
normal anemic reapients No immediate anti- 
dmrebc effects A\ere noted. In one case there 
Avas a marked increase of urinary output, in two 
others essentially no change except for a shght 
decrease dunng the second hour, and m the last 
experiment there Avas a shght decrease Avithm the 
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Fia 3 Eftect of Adding PmmmN to Blood m intro 
I and n same patient two days between experiments. 


^ I = 800 cc, normal saline ralravcnously 
/I 500 cc. normal blood intravcnonsly 

B 500 cc. normal blood to which bad been added 2.0 units of pltidtrin one hour before. 
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Fir 4 CmcT or \^m^G Pitlitrin to Bux)d z*ifro 
J 10^3 cc fiuid*; b% moiilh 
!i 2W cc- normal <;alinc mlrwcnousU 
C cc, <almc conlaininc^ 0 12 unit pituitnn 

P 4^0 cc. bVod 0 12 unit pituitnn added to blood one hour before. 
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Fig 5 Effect of Blood fkom Sevike EcLAUpnc 

AOS unit pltartrin intramuscularly (alone) 

Dt, 400 cc, blood from Donor 1 



Fia 6 Effect of Blood from Mild Eclauptic 
Dt. 400 cc. of blood from Donor 2. 










Fig 7 Frrxcr of Blood fpom Ppeeclampsia 

Di 400 ccL of blood from Donor 3 
A 2 units pituilrin mlramuscularl> 
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amounts present m normal blood, particularly if 
the donor is not hydrated, are probably demon- 
strable by the methods used, any increased quan- 
tity should be detectable 

Small traces of postpitiutary pnnaple are cap- 
able of producmg marked antidiuretic effects m 
humans Even large dosages of the same sub- 
stance rarely raise the blood pressure of normal 
unanesthetized humans Since the pressor and 
antidiuretic substances are apparently inseparable, 
the failure to detect the antidiuretic pnnaple m 
eclamptic blood either by extraction and assay on 
animals or, as m this instance, by direct trans- 
fusion to suitably prepared human reapients al- 
most precludes the possibihty that the hormone 
IS responsible for the hypertension 
WTiile the number of such operations on human 
test subjects are necessanly limited, the results are 
consistent enough to conclude that very small 
traces of active postpituitary hormone may be de- 
tected by these methods, and that such traces are 
not present in eclamptic blood The results, 
therefore, are not m agreement with the conclu- 
sions of Anselmino and Hoffmann, but confirm 
the results of amtnal experimentation by subse- 
quent workers (8, 9, 12, 13, 14) 

None of the work brought forward to date 
(including the present report) actually ehmmates 
the possibility that the hypophysis is in some way 
involved in the production of the eclamptic syn- 
drome It IS practically certain that the lesions 
of eclampsia are the result of either a physical 
or chemical alteration of the blood, and there is 
much evidence to show that there are endocnne 
disturbances associated with toxemias of preg- 
nancy (summarized by Shute (22)) Whether 
the imbalance of sex hormones descnbcd m 
eclampsia is of pnmary or secondary importance 
IS not known With our present knowledge of 
pitmtary mtcrrelationships, it is inconceivable 
that there could be a marked endocnne disturb- 
ance without involvement of hypophyseal func- 
tion It IS possible that tlie dimmished unnary 
output in eclampsia may be partially or wholly 
due to a suppression of diuretic substances from 
the antenor pituitary It is still possible that an 
excess of postpituitary hormone is so fixed or 
adsorbed by other body tissues that it cannot be 
demonstrated m the blood stream It can merely 


be said that the theones of an eclamptic ** toxm *' 
or of a hypersecretion of the postpituitary are 
still attractive, but tliat they have as yet no valid 
experimental proof 

SUMMARY AND CONCLUSIONS 

1 Amounts of pitiutnn as low as 001 unit 
may be readily detected on suitably prepared hu- 
man test subjects 

2 Transfusions of 500 cc. of blood from nor- 
mal donors does not result m a significantly al- 
tered blood pressure or unnary output m the 
reapient, although the results suggest the presence 
of traces of postpituitary hormone m normal 
blood. 

3 If small amounts of pituitnn are added to 
human blood m vttro and allowed to stand for 30 
to 60 minutes before transfusion, a definite anti- 
diuretic response may be obtained m the reapient 

4 If laige amounts of pituitnn are given to 
donors pnor to the withdrawal of blood, no defi- 
mte antidiuretic response can be obtained m tlie 
reapient, indicating a rapid ehmination or de- 
struction of the hormone from the arculatmg 
blood stream 

5 When amounts of 400 cc. of blood are rap 
idly transferred from patients with eclampsia or 
severe preeclampsia to normal pregnant women, 
the reapients do not show any nse m blood pres- 
sure, mterference witli diuresis, or untoward 
symptoms 

6 The results do not support the contention 
that there is a markedly toxic substance m tox- 
emic blood, nor tlic theory that there is a hyper- 
secrebon of the postpituitary gland in eclampsia. 
No pressor substance has been demonstrated m 
edampbc blood by these methods 

APPENDIX 

Following arc the protocols of the cates where blood 
was transferred from toxemic donors to normal rc- 
apients 

Donor 1 Caucasian female, age 29 gravida 1 para 0, 
two days from term, referred m by a private physician 
because of severe headaches for 6ve days edema of the 
legs for two weeks nausea and vomiting for one day, 
and epigastric pain for one day Blood pressure on ad 
mission was 200/106 The urine showed 6.1 grams of 
albumin per liter At 2 00 pm, the blood pressure was 
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210/12^ * 3 ’it th < t:rc 400 cc of blood were wTth- 
4'a’ — ’ nrJ cit rated the needle v-is withdrivTi 

frc"*i the \cn 'll 2 14 pm , she had her first ccm\*u!<icn 
TI ^ vn^ folio ^cd In o p'^olonrcd comn from which she 
fulK rcco cred The pahe rate rcmaircd between 
140 ard 200 The u'^a! con«cr\ntuc regime was insti- 
ln*cd and the membranes rup*urcd Progress m labor 
\ don Cc«arcan section v p^opo<cd, but abandoned 
b^au<c of her cntical condition She was dclncred of 
a **ill horn In low forceps at 7 pm the following da}, 
and died a few hours later \t the time of dcluer>, 
the pjbc wais 170, patient had been m a deep coma for 
24 hojr< and the temperature was 103® F Autops\ was 
refused Diaqrnsrs \ntcpartum eclampsia, sea ere grade 
Rca^ui f J WTiilc female, age 21, gra\ada 1, para 0, 
had been under ob^ers alien for three da\s because of a 
>*1 moil hs p^egnanev with incomplete abortion Gen- 
eral coidilion wais good, and all bleeding had ceased 
Hcmo'^Iobin was ^4 grams per 100 cc, red blood count 
million T^ cUc hours before the transfusion was 
gnen diurc*;t 5 vns cslabh'^licd, and the effect of 0 5 unit 
cf postp uutar\ extract was determined There was an 
irrmrdnlc and marked anlidiurcsis as illustrated in the 
fir^t jvart of Firurc 5 The specific gra\it\ increased 
from 1 004 to 1 011 \\ ith the compensatory increase m 

innara o itpJt tvo hours later, the spcafic gra\it\ de- 
creased to 1 001 There was no change in blood pressure 
She rcccned the blood from Donor 1 at 2 20 pjn the 
fobo\ ng daN (<ix minutes after completing the rcmo\al 
ot the bfotxl) The rc^^ults arc shown m the second 
part of Figure S There was a \cra ^^hghi decrease in 
unnarv outpat the siCOid I ojr alter rcccning the blood, 
n< wa< ro ed with normal tran'^fu^ions The specific 
incrca'^ed from 1005 to 1000 and returned to 
1014 \nth the la^t «pcamcn There wns no significant 
change m luc^ p'cs'^u^c 

In il ' ca<;e caca unre <p^cirncn before and after the 
on w*a^ exam *'ed micTo<^cop calh No abnormal 
wc^c fc *^3 p’ao'- to the transfusion Followang 
e t^'^s^'us ^a, a few red b^ood cebs (1 to 2 per h^gh 
P'*te" fr^’d m a ce^'nfuged spean^n) and some renal 
c* J a' cr-ils -ppAared \fte^ three hou^s these dis- 
appeared S •'cc t^e <ed \xi5 studied with ro'- 
*^^1 o^s d’mwn 

1 l^d a d on a’^d tage the next 
d::\ al da\ n go^ con- 


fer stud% showed nonmil \nlucs for n'>npro*c 
urea nitrogen, and CO combinirg pHW%cr Tl 
was 5 I mgm per cent A normal delivery of 
7 ounce Innng infant accurrc<l 10 hours h 
were no further convulsions and the blood p 
urine were norm'll at the time of di^clnrgc 
amination six weeks and six months later 
Intrapartum eclampsia, mild grade 

Recipient 2 The blood removed was ; 
transferred to a colored pnmipara of 19, 4 
partum, with moderate secondary anemia rcsi 
a postpartum hemorrhage The hcmoglobir 
grams per 100 cc An interesting feature ( 
scrvation w*as that the recipient had a mild f 
toxemia (blood pressure 150/100, 2+ alhu 
aches and edema) at the time of her delivery 
symptoms had all subsided before the blood 
Thus we arc certain that this recipient was 
to toxemias 

The results of the transfusion arc shown u 
There was essentially no change in the urinar 
spcafic gravaty The slight rise of blood pres 
start of the tran‘^fusion was coincident with ti: 
of the needle No subjective symptoms deve 
ing or after the transfusion 

Donor S A ^fcxican female of 20 was ac 
cause of severe toxic symptoms This was 1 
pregnancy She had had scp'^is but no tox 
licr first pregnancy Past history otherwise w 
nificant She was 8 months pregnant, and < 
of swelling of the face, trunk, hands and legs 
wccls, marled visual disturbances with thre 
when she could *' see only tlic right half of a 
a room,^ and severe headaches Examinatif 
generalized edema, with pilling of the lower Y 
body The uterus wais 50 cm. above the 
tense, and no fetus could be palpated fetal 2 
heard Blood pressure w-as 170/110 The i 
tamed 4 17 grams of albumin per liter and si 
merous casts and pus cells, with occasional 
cells Noap^otem nitrogen vais 24 , COj comhir 
46, unc aad 4 4 

Shortly after admission a retention cathctc 
serted and the hourlv trmarv output meast 
output during the 8 hours preceding delivery 
of a Cuid in*alc oi 1200 ca vais onl^ 197 cc 
2^^-^5^30 and 35 cc. p^r resiyxrtivc hoar) T 
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Recipient 3 The 400 cc. o£ blood removed from 
Donor 3 were immediately introduced mto a 21 year old 
Caucasian pnmigravida who was m the hospital because 
of an mcomplcte abortion. Her general condition was 
good. Hemoglobin was 11.6 grams per 100 cc. The re* 
suits of the experiment arc shown m Figure 7 No 
antidiuretic effect o the donor's blood could be detected, 
even though the donor herself was having a marked 
oUguruj at the time the blood toas taken There was 
no pressor action from the transfusion and the rcaplent 
developed no symptoms during or after the transfusion. 
Note the marked antidiuretic effect of pitultrin (20 
imits) given 3 hours after the blood was given. 

Donor 4 A 34 year old white pnmigravida entered 
the hospital 11 weeks from tenn complaining of severe 
headaches and visual disturbances for two weeks edema 
of the ankles for one month, and absence of fetal move- 
ments for two weeks. Blood pressure was 160/110 The 
urme cootained 0.83 gram of albumm per liter with 
numerous casts and pus cells. Blood chemistry values 
were all withm normal limits. Four hundred and twenty 
five cc of blood were removed shortly after admission, 
and dtrated for transfusion. The following day she 
dchvtrcd a y cm. macerated fetus and a placenta which 
was almost completely infarcted. The blood pressure 
fell to normal, but rose agam to 170/110 on the 12th 
postpartum day falling to 150/90 on the 15th day Dt 
agnostic impression Preeclamptic toxemia, severe grade, 
probably superimposed on a preexistent chrome nephntii 
Recipient 4 The blood was immediately mtroduced 
at a rapid rate mto a white female of 28 who had bad 
a normal delivery of her third baby on the preceding 
day On admission, her hcmoglobm was found to be 
7 1 grams per 100 cc. and her red blood count 2.98 mil 
lion, although otherwise the physical examination had 
not been remarkable. The results of the tranifusion arc 
shown m Figure 8. There was a shght drop m the 
blood pressure and a nse m the unnary output Note 
the effect of 2 traits (02 cc.) of pituitrra two hours 
after the transfusion. While recavuig the blood the 
recipient developed numerous large urticarial wheals over 
the trunk, but there were no other toxic symptoms 
(In addition to the experiments just reported, 500 cc, 
of blood were transferred from a 17 year old girl (non- 
pregnant) with malignant hypertension (blood pressure 
280/150 amblyopia, arama) to a woman who bad just 
had a postpartum hemorrhage, but who bad recovered 
from her shock. No antidiuretic or pressor response 
was noted m the recipient ) 
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During recent years great interest has been 
aroused m the use of artifiaally induced fever in 
the treatment of disease Numerous claims have 
been made for tlie benefits of fever therapy but 
very httle attention has been paid to the changes 
it brings about in the coordinated functions of the 
body, well and diseased 

The dangers of fever therapy liave been em- 
phasized by many authors Reactions of varying 
seventy from nausea and vomiting to tetany (1, 
2, 3), dclinous episodes (4), convulsions (5), 
heat stroke (3) and shock (2, 3, 6 7, 8), have 
been descn*bed and deaths have been reported 
(9, 10, 11, 12, 13, 14) 

The purpose of the studies reported in this 
senes of communications was to determine the 
changes resulting from artifiaally induced fever 
in arculating blood volume, water balance, aad- 
base cquilibnum and hemodynamics and the re- 
lationship of these clianges to the clmical condi- 
tion of the patient Our studies on the first two 
of these factors are reported herem 

No thorough studies on changes in blood vol 
ume dunng artifiaal fever have been reported 
In the opimon of several fever therapists (15, 
16 17) no significant alterations in arculating 
blood volume occur during artifiaal fever if water 
IB given liberally, although some workers have 
reported that some degree of blood concentration 
does occur (18, 19, 20) Hemoconcentration as 
evidenced by increases m red counts and hemo- 
globin values has been regarded by some as evi 
dence of a reduction m volume (19 20), but 
others (15) interpret the increase m hemoglobm 
as evidence of a real mcrease in total hemoglobin 
to meet increased oxygen requirements By 
means of the CO method (21) and a dye method 
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School 

* Research Assoaatc in the Massachusetts Department 
of Mental Diseases, 


(22), decreases in plasma volume have been ob- 
served after artifiaally induced fever m ammals 
Reliable studies of the water balance m arti- 
fiaal fever were not found in the literature, al- 
though the high fluid requirement amounting to 
as much as 3 to 6 liters durmg a 5 to 6 hour 
treatment has been commented on (15, 23) 

METHODS 

The dye method of determining the plasma and total 
blood volume of Gibson and Evans (24) was used. In 
the experiments conducted in Rochester N Y and 
Dayton Ohio colomnetry was done by the technique 
described by Gibson and Evelyn (25) with the photo- 
electnc colorimeter of Evelyn and Cipriam (26) The 
“direct" method (24) measures the plasma and total 
blood volume obtaining at the time of dye injection the 
determination bemg based upon the dilution in the blood 
stream of a measured amount of Evans Blue of known 
concentration. In the “ indirect " method an hutial dc 
termination of blood volume is made by the “direct" 
method on the afternoon of the day preceding the fever 
treatment (Figure 1) On the morning of treatment 
the rate of disappearance of dye from the blood stream 
is determined from the dye concentration of blood scrum 
samples taken at regular mtcrvals over a two-hour pc 
nod, and this rate is assumed to be constant throughout 
the ensuing experimental penod Changes in plasma 
volume are estimated from the deviation of the dye 
concentration of blood scrum samples taken during fever 
froift synchronous points on the disappearance slope, 
higher or lower density values represenbag a reduction 
from or increase o\Tr the prefebrile plasma volume 
rcspecbvcly At the end of treatment the plasma volume 
IS again determined by the direct method, and the agree- 
ment between the final volume so determined and the 
final volume as csbmated from the blood serum sample 
taken just pnor to the final dye rajcction constitutes a 
check upon the accuracy with which changes ra plasma 
volume during the fever period have been measured. 

That the disappearance slope of Evans Blue does rc 
mam fairly constant dunng prolonged febrile penods is 
evidenced by the fact that in 20 of the 31 experiments 
reported herdn conducted as described above the final 
esbmatcd plasma volume was withm plus or rmnus 3 
per cent of the value obtained by actual redetcrminabonu 
The narrow limits within which the final clicck fell in 
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FLUIP INTAKE AND OUTPUT 



Fjc 1 Mftiiod of DnTRMiNiNG Changes in Blood Volume duhinc Artificial Tenfr 

The initial blood \oliimc (1) was dctcmnncd the nflcrnoon of the ihy preceding treatment The rate of 
disappearance of the d>c from the blood stream was determined during a prcfchnlc control period (2) the 
day of treatment During induction of fc\cr (3) the concentration of dje in the blood stream rose, indicating 
a reduction in the plasma and total blood \olumc During maintenance (4) a rise and later a fall in \olumc 
avhicli continued through recovery (5) occurred The repeated plasma \olumc at the end of treatment (6) 
agreed well with the final estimated plasma \olumc 


these cases Mas the justification for the modified pro- 
cedure followed in Cases R-2 to R~7 inclusive and D-1 
to D-3 inclusnc, m which the disappearance slope was 
not determined prior to the induction of fever A single 
blood sample was taken before the patient w’as placed 
in the fever cabinet and the disappearance slope arbi- 
trarily constructed in such a manner that the final plasma 
volume as estimated from the slope equalled the final 
redetermined plasma volume after the latter had been 
corrected for blood withdrawn in sampling 
We have found slight degrees of icterus to occur dur- 
ing artificial fever, but no colorimetric error is intro- 
duced thereby since the absorption of scrum pigments at 
the wavelength 620 millimicrons (at which measurements 
of Evans Blue are made) was found to be so low that 
slight increases thereof were negligible m relation to the 


absorption due to the high concentrations of d>c utilized 
in these plasma \olumc experiments 

It is our opinion that, b\ the methods cmplo\cd, 
cliangcs m plasma \olumc were measured to within 3 
per cent No claim for great accurac> is made for 
cliangcs in red cell and total blood \olumc because of 
the difTcrcnces known to exist in red cell content of 
peripheral and capillar> blood, particularlj when sc\ere 
ph> siological disturbances arc taking place 
All patients w'crc weighed mule both before and after 
treatment on lc\cr tjpc platform scales Weights meas- 
ured in pounds were obtained to the nearest one-eighth 
pound, and those measured in kilograms to the nearest 
005 kgm Thus, changes in weight could be considered 
in terms of w^ater to within about SO cc 
Patients treated by typhoid \accinc received tap water 
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by mouth those treated by diathermy and hot moist 
circulating air received 0 6 per cent saline solution by 
mouth or 085 jkt cent salme mtravcnously — patients 
treated by radiant energy were given tap water by mouth 
and m addition NaCl m 2 per cent solution m amounts 
sufficient to make the salt content of the total fluid 
mtakc approximately equal to a OJ per cent salme sola 
tiom Fluids given by mouth were measured m graduates 
and those given mtravcnously from the usual graduated 
clysis flask. It is thought that total fluid intake dunng 
each treatment was measured with an accuracy of about 
SO cc. Volume of urme and vomitus was measured m 
graduated o^lmdcrs 

AKALYTIC CON61DERAT10NB 

A bout of artiflcial fever may be thought of as con 
sistmg of three penods the penod of induction of tem 
peraturc to the desired level during which the mechanisms 
of the body for temperature regulation are overcome, 
the period of maintenance at the desired temperature, 
and the period of recovery to normal temperature, dur- 
ing which the heat regulating mechanisms arc again 
permitted to function successfully Changes m plasma 
and total blood volume were analyzed in relation to 
these three penods 

It was assumed that all water lost is withdrawn dl 
rtctly from the blood stream via the skin lungs or 
kidneys that weight changes may be considered m terras 
of water and that weight change represents the true 
di6Fcrcncc between the gross water loss from the blood 
stream and total fluid mtakc, according to the equation 

Gross Water Loss = Total Fluid Intake + 

Weight Loss or — Weight Gam (1) 

The amount of flmd withdrawn from tissue spaces in 
patients madequatcly supplied with water or the amoirat 
entenng the tissue spaces m those in whom excessive 
fluids were given was calculated by the equation 


mg the short treatments to 500 cc. during the long treat 
ments could not be mcluded in total fluid intake. On 
the other hand it was not possible to determine, except 
in those cases in which all fluids were given mtravcnously 
that all fluids adm mistered were completely absorbed by 
the cud of the experimental period. These two sources 
of error tend to compensate each other It is felt that 
gross water loss and tissue fluid changes calculated In 
the above maimer arc valid to withm about 5 per cent, 
and arc of value for the clmical ratcrprctation of the 
signs and symptoms presented during artificial fever 

ILATERIAL STUDIED 

Thirty-one studies were earned out on 25 patients 21 
of whom were males and 4 females All were under- 
going fever therapy, the diagnoses being mdicated m 
Table III In 3 studies fever was induced by the in 
travenous rajcction of killed typhoid organisms. In 8 
studies diathermy was used, the apparatus employed 
bemg the Soper Power” unit, with segmented elec- 
trodes cnarclmg the arms thighs, and waist, the current 
varying from 1500 to 2600 nulliamperes In one case 
treated with typhoid vaedne and m two cases treated by 
diathermy additional heating in the form of radiant 
energy (carbon filament lamp) was used. In 13 studies 
3 of which were made at Dayton, Ohio fever was m 
duced by hot moist circulating air in the ' Kettering 
Hypertherm (27) In the 10 studies made in Boston 
the relative humidity m the cabmet was malntaraed 
between 30 and 50 per cent during induction of fever 
Dry bulb temperature was about 155 to 160 F and the 
wet bulb about 130 to 135 F durmg induebon During 
maintenance the air current was turned off and the pa 
tient was covered with blankets In the 3 cases studied 
m Dayton, relative humidity was about 80 per cent, dry 
bulb and wet bulb temperatures bemg about 130 F and 
125 F during mductlon, and 125* F and 120 F dur 
ing maratcnance respectively Air speeds were somewhat 


( — Decrease m Plasma Volume '\ 

Total Fluid Intake or j 

+ Increase in Plasma Volume / 

Tissue Fluid or (2) 

/ — Decrease in Plasma Volume \ 

Gam — ( Total Fluid Intake or I — Gross Water Loss 

\ -h Increase in Plasma Volume / 


In cases in which vomiting occurred the amount of 
\omitu 5 was deducted from total fluid intake as being 
fluid not available for replacement of water losses Be 
cause of the difficulty of determinmg the amount of 
urine m the bladder at the beginning and end of treat 
raent, data on urinary output arc not regarded as more 
than approximations. For comparison of mdivlduals, 
changes m gross water loss and tissue fluid were con 
sidercd In terms of cc. per hour per kgm of body weight 
These equations are intended to give only approximate 
measurements of the changes m the water balance. Oxy 
gen consumption was not measured and therefore the 
water of oxidation which might range from 200 cc dur 


slower and the total air space soraervhat smaller in the 
cabinets used m Dayton than m those used In Boston- 
Induction to desired fever levels was slower with the low 
than with the high humidities. In 7 studies conducted 
at Rochester N Y., fever was mduced by means of 
radiant energy (carbon filament lamps) m cabmets with 
limited static air space (28) 

Rectal temperature was elevated to 103 to 104* F in 
the patients treated with typhoid vaedne, and to 106 F 
or over m most of the patients treated by the physical 
modalities Treatment was discontinued because of col 
lapse m Cases 4 and 17 treated by diathenny and in 
Cases 2, 10, and 21 treated by hot moist circulating air 
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TABLF I 


Blood volume chauf^cs in fever produced by tiitraveuous 
injeciton of billed typhoid orfiatitsms 


Date 

nnd 

time 

Rpc- 

tal 

tem- 

pera 

turt 

Blood 

Tolumo ' 

1 

1 

Change In 1 
volume 

Clmlral nolei 

riawna 

Cell 

To 

tal 

lllCKxl 

Hanna 

Tn 

tol 

1 Irvod 


T 

Cf 

Cf 

Cf 

pn 

rent 

pn 

rrn! 

1 


c\n: II MAtE AorD 44 


Apr 1 1930 

4 45 pjm 

WO 

2135 

1475 

31G0 



Bofal \olum« 

Apr 2, 193C 
10 07 a,in 

W2 






125 mUnon klPM tr 
pljriH oniantnrn In- 
trarmoL \y 

10 42hjn 

W4 

2035 

. 

1440 

3175 

-4 7 

-3 7 


n 20 ajn 

W4 

2175 

1490 

3C55 

-fl 0 

d 15 

Miiifiin 

12Mpjm 

100 0 

2135 

1520 

3CG0 

0 

+ 14 

05 tnllhcin Ullr^l ly. 
iholdor-arlnna 
riven Intravenftu ly 

2 15 pju 

100^ 

2W5 

1515 

3010 

-19 

0 

[ 100 million UJI'‘d \y 
pliMl orror^nnA In 
ira\mnirl) 

3 IG p m 

100,8 

1 

1955 

1530 

3010 

-3JS 

0 

Severe clUl 3 10 in 

3 40 pjn 

3 30 p Jiu 

102 0 

2010 

ig::o 

3030 

-12 

+0 0 


3 53 pjm 

103,2 

2140 

ICOO 

3740 

d 0,2 

1+3 0 


6 30 p m 

102 0 

2050 

1450 

3^30 

-2 0 

i— 2 2 

1 

1 Uefv'aiev! Gnat volume 


CABC 16 JUIX AOtD 31 


May 27 1930 

4 33 pjn. 

WO 

srio 

2340 

5570 



Boral volume 

May 28, 1030 
0,50 aJn 

090 






150 rnmion t> 

phold oryanlntui In- 
traNCTOu ly 

n 37 mm. 

094 

3185 

20^5 

6110 

-17 

+9 7 

MildebiUhtll 23fcjn 

1 47 pjD 

1014 

3230 

2740 

5070 

0 

+7 2 

100 million killed ty 
phold oryanlma In 
tra\enou.ly 

3 57 p m. 

102 0 

3140 

2720 

5800 

-2 8 

+5 2 


4*05 to 

5 27 ptm 







Fipoeed to carbon fda 
menl lampa In caUnel 

4 62 pm. 

103J3 

3095 

2455 

65o0 

-4 5 

-OJ 

ProfufC pCTf plrallon 

6*28 pjn 

103 4 

3020 

2570 

6590 

-0,5 

+0 3 


6,61 pjn- 1 

1014 

2890 

2340 

6230 

-10 A 

-6 0 

Uepeated final volume 


oAar Q itALB Aoeo 37 


Jam 19 1037 

0 39 ajm 

68 8 

3280 

1700 

49S0 



Baaal volume 

10 16 ajm 

1 

1 






160 million killed fy 
phold ontanlama In- 
trav'cnouaJy 

1 09 pjn. 

100 0 






160 million killed ty 
phold orRonlmu In- 
travenoualy 

1 68 to 

2 23 pjn 

101 0 






Bevero chill 

2 48 pjru 

105 4 

3350 

1870 

6220 

! +2 1 

’+4 8 

Repeated volume 

6,62 p m 

101,8 

3240 

1 1870 

1 

1 6110 

1 -12 

i+2 0 

Repeated final volume 


Rcnclions of sc\crit) ucre encountered m a few 

coses ns noted in Tobic II Iiut trentment was uneventful 
in the other cnscs 

SULTS 

Tlic height and duration of fever, and the 
changes in jdasina and total blood •volume, cx- 
jiresscd in terms of percentage deviation from 
prcfchrile levels, during induction and mainte- 
nance of and recover) from fever, together with 
the fluid intake for each period arc shown in 
T.ablc II Weight changes, uriinr) volume, gross 
water loss, and tissue fluid changes arc shown in 
Table III 

CItaitfjis III plasma volume 

Verv little change from prefebrilc plasma vol- 
ume occurred in jiatients m whom fever was in- 
duced In tvphoid vaccine, a decrease of 4 5 per 
cent and an increase of 0 2 per cent having been 
observed at the height of fever (103 2° F ) in 
Cases 11 and 16 respcctivclv and an increase of 
2 1 per cent (at 105 1° F ) in Case 9 (See 
Table I ) During the fall in temperature, re- 
ductions of 2 6 per cent and 1 2 per cait were 
noted in Case*; 1 1 and 9 rcspcclucl\ In Case 16, 
exposed to tlie heat of cirl>on filament lamps when 
the rectal temperature was 102 6® F a prompt 
and consKlcrahlc decrease in plasma \oIumc took 
place and continued dunnjj rcco\cr\* final plasma 
Nolumc hemp reduced 10 5 per cent 
During the induction of fc\cr b} diathenm, 
which required an a\cragc time of one hour and 
forty ininulcs, reductions m plasma aolume were 
ol)scr\cd m all eases, ranging from 66 per cent 
(Case 12) to 19 8 per cent (Case 17) (1 able II) 
During the maintenance of fc\er, plasma aolumc 
fell to lower levels than those obtaining at the 
end of induction in all eases, reductions ranging 
from 86 per cent (Case 12) to 32 0 per cent 
(Case 17) In the latter ease, and in Case 4, in 
wdiom plasma volume was reduced 15 9 per cent, 
treatment was discontinued after temperature had 
been maintained at 104® F for one hour because 
of tlic development of peripheral vascular collapse 
At the end of recover}^ plasma volume was even 
lower than during the maintenance period m 
Cases 4, 25, and 19, and slightly higher in Cases 
12, 14, 17, and 23, but m no case bad it returned 
to the prcfcbnlc level 
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During the induction of fever m the ** Ketter- 
ing Hypertherm ” which required an average time 
of a little over tTN^) hours, plasma volume was 
reduced in all cases, except in Cases 6 and 13 in 
whom fluids were given intravenously The most 
severe reductions were encountered m Cases 2, 
10, and 21, amounting to 19 5, 269, and 16 8 per 
cent respectively, and treatment was discontinued 
m these cases shortly after induction In cases 
m whom fluids were given intravenously durmg 
maintenance (2, 6, 10, 13, 20 and D-3) plasma 
volume rose above levels obtaining at the end of 
mduction of fever, and m cases given fluids by 
mouth (8, 18 24, 26 D-1, and D-2) remamed 
at or fell slightly below the level obtaining at the 
end of induction During recovery to normal 
temperature, plasma volume tended to dimmish 
m those cases in whom it had been raised above 
normal by the intravenous admimstration of flmds 
and to increase m those cases given flmds by 
mouth, but returned to the prefebnle level only 
m Cases 6, 13, and D-3 to whom flmds were 
given hy vein and m Cases 8 and 18, given fluid 
by mouth 

Induction of fever required an average of one 
hour and fifty mmutes in the radiant energy cabi- 
net and was accompamed bv a reduction m plasma 
volume m all cases ranging from 55 per cent 
(Case R-5) to 17 0 per cent (Case R-6) Ex- 
cept m Case R-5 plasma volume rose above the 
level reached at the end of mduction dunng mam- 
tenance of fever and m Cases R-4 and R-5 rose 
above the prefebnle level Durmg the return to 
normal temperature, plasma volume fell, reaching 
levels equal to or slightly below those obtammg 
at the end of mduction of fever except m Case 
R-4 in whom it was slightly higher 

Changes tn total blood volume 

Total blood volume was increased m the three 
patients treated with typhoid vaccine as a result 
of an influx of red cells into the arculation dur- 
mg the febnle penod m amounts large enough to 
offset the slight reductions that occurred m plasma 
volume. 

In general, changes m total blood volume tended 
to parallel the changes m plasma volume dunng 
mduction of fever m the patients treated by the 
physical modalities Increases m the red cells, 
dunng maintenance of fever large enough to in- 


crease total blood volume above prefebnle level 
m spite of a diminished plasma volume, were 
observed m Case 1 2, treated with diathermy, Case 
2 treated with the ** Kettenng Hypertherm,*' and 
m Case R-1 treated with radiant energy After 
recovery to normal temperature, total blood vol- 
ume w'as below the prefebnle level m all cases, 
except m Cases 6, 13, and 18 of whom the first 
two received all fluids by vem 

Changes t» water balance — gross zvatcr Joss 

Gross water loss averaged 510 cc,, or 1 0 cc, 
per kgm per hour in the three cases treated with 
t 3 qihoid vacane (Table III) The losses m the 
cases treated by tlie physical modalities were far 
greater, averaging 8 0, 91, and 64 cc, per kgm 
per hour m the groups treated by diatliermy, hot 
moist circulating air, and radiant energy respec- 
tively 

Within each group there were some individual 
vanations in relation to the duration of fever and 
rate of fluid intake and the route by which fluids 
were given In none of these cases who received 
fluids by mouth was the rate of gross fluid loss 
proportional citlier to the number of hours of 
treatment, or to the rate of fluid mtake Several 
cases treated by hot moist arculatmg air received 
flmds by vein and here agam it is evident that 
the rate of gross water loss is not mereased by 
prolongation of fever, nor decreased by a high 
rate of fluid administration (compare Cases 6, 8 
and 26, Table IH) 

Tissue fluid loss 

In cases treated by typhoid vacane, tissue fluid 
changes were within the limit of experimental 
error, but were of considerable magnitude m the 
cases treated by the physical agenacs All the 
patients treated b) diather m y and radiant energy 
experienced losses m tissue fluid, the rate of loss 
being in general inversely related to the rate of 
fluid mtake. Six of the cases treated in the “Ket- 
tenng Hypcrtlierm ' expenenced increases m tis- 
sue fluid, two of tliem ha\ung received fluid by 
vein and the others by mouth, but all at rates 
higher tlian received by any of the cases in the 
other two groups The other seven cases suffered 
losses m tissue fluid, the rate of loss being in- 
versely related to the rate of fluid intake. 
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TABLE in 


Gross ^latcr loss and chnvpcs vi hssue fluid in fever induced by diathermy, 
in air conditioned cabinets, and by radiant energy in cabinets 
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ber 

Date 
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of 
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^All fluids given by mouth except as noted 

* Computed from EqimUon (1) above, 

• Computed from Equation (2) above. 


DISCUSSION 

The data presented m this study cover an ad- 
mittedly wide range of experimental conditions 
The condition of the patients cardiovascular and 
neurological systems vaned greatly, as did their 
mental and emotional states In each group 
treated by the same physical agency, the height 
and duration of fever, and the amount, rate of, 
and mode of flmd admimstration purposely were 
vaned to observe the effects of dehydration and 
overhydration The physical modalities of fever 
used each imposed a different set of environmental 
conditions and it is evident that individuals vaned 
greatly m their response to comparable bouts of 
fever and fluid mtake levels However, certain 
general trends were observed on the basis of which 
conclusions as to the physiological effects of arti- 
fiaally induced fever can be d^a^vn justifiably 

In the three subjects treated by typhoid vac- 
ane the observed changes m blood volume and 
in the w'ater balance were of no dmcal signifi- 
cance It IS true that the fever was of less de- 
gree and duration tlian in any of the patients m 
the other groups and this may account to some 
extent for the great differences m blood volume 


changes, and gross water and tissue fluid losses 
observed between the patients treated with vac- 
ane and by physical means However, patients 
m the former group sweat very httlc, expenenced 
httle thirst, and showed little vasodilatation. In 
contrast, tlie patients in the latter group showed 
pronounced vasodilatation and sweating, and it is 
therefore evident that the contrasting situation as 
regards blood volume and water balance changes 
is not a result of the differences in temperature 
levels alone 

One of the major physiological effects of fever 
artificially mduced by physical means is a diminu- 
tion in arculating blood volume This diminu- 
tion IS owmg to the uncompensated loss of large 
quantities of water from the blood stream, result- 
ing m a reduction in the plasma portion of the 
blood and in hemoconcentration The latter ef- 
fect is slightly augmented by small mcreaacs m 
the number of arculating red cells, never great 
enough to equal the loss of plasma The degree 
of r^uction m plasma volume is determined by 
the difference m rate of outflow by skm, lung, 
and kidneys and of effective absorption of fluids 
admimstered If insufficient fluids arc given, the 
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tissue fluids of the body arc drawn upon for the 
maintenance of plasma volume with resultant de- 
hydration Blood volume may be maintained at 
prcfcbrilc levels by intravenous administration of 
fluids, but m only 2 cases m this senes was it 
maintained at prefcbrile level when fluids were 
given by mouth even in large amounts Too rapid 
administration of fluids by vein may result m an 
excessive increase m blood volume and result m 
cardiac embarrassment and failure 

Gross wMter loss occurs most rapidly during 
the induction of fever In all cases in this senes 
receiving fluids by mouth, a reduction m plasma 
volume took place during induction, the percentage 
reduction from prefcbrile levels being mvcrselj 
related to the rate of fluid administration, and 
directly related to the time required for clc\ 7 ition 
of temperature It is evident from the data 
presented m Figure 2 that an induction time 


longer than 2 hours, by and large, involves the 
risk of reduction m plasma ^olume to critical 
levels 

There are some difTcrcnccs in the degree of 
reduction in blood volume that can be borne by 
individual patients at high temperatures It is, 
however, evident that for each vidividual there ts 
a definite limit beyond 7 vhich further loss of fluid 
from the blood stream cannot be tolerated In 
those patients who experienced collapse, charac- 
terized b} cyanosis, tachjeardia with weak, thread} 
pulse, marked fall in s}slohc blood pressure, 
respirator} dilTicuU}, and e\cn coma, total blood 
volume was se\crel} diminished at the time col- 
lapse occurred As these patients recovered, total 
blood volume tended to rise in proportion to the 
amount of fluid given during recover} In those 
in v\hom fluids were restricted during recover}^ 
the total blood volume rennincd reduced but cir- 



10 20 30 40 50 feO 70 60 90 100 IIO 120 150 MO 150 IfcO 170 180 190 200 210 

INDUCTION TINE IN MINUTES 


Fig 2 Relationship of Percentage Reduction in Plasma Volume to the Time Required for Fe\xr 
Induction All Cases Received Fluids by Mouth 
Cases have been grouped according to rate of fluid intake for cadi physical modality, the numerals 
above the connecting lines indicating the average intake in cubic centimeters per hour per kgm The 
percentage reduction in plasma volume increases as the induction time is prolonged 
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dilatory readjustment took place at the reduced 
level as the temperature fell to normal Thus, 
shock resulting from severe diminution m ar- 
cuJatmg blood volume is a potential danger m 
every patient treated with artificial fever Its 
prevention depends pnmanly upon adequate 
maintenance of the volume of the circulating 
blood 

In Cases 8 and 13 (Tables II and III) the 
same patient was subjected to bouts of fever of 
comparable height and durabon In the former 
instance all fluids were given by the intravenous 
route, and blood volume \vas well maintained 
throughout treatment In the latter instance all 
fluids were given by mouth at about an equal rate, 
but a moderately severe reduction in plasma and 
total blood volume occurred dunng induction and 
maintenance of fever, even tliough the gam in 
weight and tlie rate of gross water loss were 
nearly equal m both experiments It is evident 
that water may pass out of the blood stream more 
rapidly than it can be absorbed from the mtestmal 
tract, and this fact has an important beanng on 
the determinabon of the optimal rate of flmd 
administration for mamtcnance of blood volume 

From the data presented m Table II it is evi- 
dent that the fluid requirement vanes with the 
apparatus employed Thus, the average rate of 


fluid intake necessary to maintain plasma volume 
level and water balance is about 8, 9, and 6 cc, per 
hour per kgm for diathermy, the Kettering 
Hypertherm,*' and radiant energy (28) respec- 
tively If an uncooperabve or irrabonal pabent 
fails to take the presenbed amount of \vater by 
mouth by the end of fever mduebon, it may be 
necessary to give fluid parenterally to maintain 
the water balance. 

The mental state of the pabent has an impor- 
tant relation to gross "water loss and hence fluid 
requirement as evidenced by the dimmubon in 
blood volume and by the gross water and tissue 
fluid losses m Cases 26, D^, and R-7 These 
patients were noisy, restless, or maniacal, took 
fluids less readily and tolerated treatment less 
well than those who were quiet and cooperati"ve 

From the data presented in Figure 3 it is evi- 
dent that the prolongation of temperature at high 
levels does not entail a progressively increasing 
rate of gross "water loss There is no relation 
between the amount of gross -water loss and the 
amount, or rate, or route of administration of 
fluid as illustrated m Figure 4 Gross water loss 
is determined pnnapally by the temperature and 
to some extent by the relative humidity of the 
patient's immediate en-vironmcnt The water loss 
was greatest in tliose cases m whom the differ- 
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Fig 4 Relation suit of Gross Water Lo'^s to Total 
Fluid Intake 

The rate of gross \\alcr loss is not decreased b> the 
administration of large amounts of fluid, b> mouth or 
by vein 


ential temperature between the patient’s bod} and 
Ins environment a\as highest, and least m those 
cases m avhom it was lowest No conclusive cm- 
dence avas obtained m this study that relative 
humidity alone plays a decisive role In patients 
treated m the " Kettenng Hypertherm ” the rate 
of gross water loss was the same, by and large, 
m those instances where the relative hunndity 
ivas kept at 80 per cent as m those wdicre it was 
only 40 per cent, and the relation of tissue fluid 
loss to rate of intake was the same (Cases D-^l, 
D-2, and 18, and D~3, 8, and 13, Table III) 
No measurements of relative humidity 'ivcre ob- 
tained m the radiant energy cabinets m which the 
air was static, but it is doubtful if it was over 
80 per cent at any time, and yet the rate of water 
loss was less than in the cases treated in the 
'' Kettenng Hypertherm'' It seems significant 
that tlie dry bulb temperature of the air m the 
radiant energy cabinet could be dropped to nearly 
the patient's own temperature, whereas it had to 


be maintained around 120*' F in the ^'Kettering 
Hyperthenn ” to obtain high humidity of the ar- 
culatmg air In a moving air stream at a tem- 
perature of 120"^ F or above, even at a relative 
humidity of 80 per cent, evaporation can still 
occur 

The rate of loss or gam m tissue fluids is di- 
rect!} related to the rale of fluid intake as illus- 
trated m Figure 5 It is striking that in all those 
eases, in vs Inch untoward effects were encountered, 
the loss of tissue fluid exceeded 5 cc per hour 
per kgm of l>od} weight Thts figure may be 
sate! to represent the IwiU of tolerance to loss of 
tissue fluid at high body temperatures 

Final!}, it s!iould he ‘^id that the assumption 
h} many workers tint the blood volume remains 
constant during artificial fc\cr goes far lovTird 
invalidating their interpretations of dnngcs in 
blood constituents It must lie CMdcnt tliat, if 
changes in the total hloo<l volume of the magni- 
tude we Invc shown to occur arc not taken into 
account, simple dclcmunations of the concentra- 
tion of an} lilood constituent are meaningless as 
a Insis for nin undcrsianding of the pli}siolog) 
of artificial fc\cr 


COXCLUSIONS 

1 Artificial fever produced b\ plnsical means 
IS charactcnrcd by a large gross waiter loss from 
the blood stream b} wti} of the skin and lungs 

2 The rate of water loss nn} be far more 
rapid than the rale of absorption from the intes- 
tinal tract or tissue spaces, resulting m vanning 
degrees of reduction in plasma and total blood 
volume 

3 Water is lost most rapidl} during the in- 
duction of fever during v\hicli the degree of 
reduction in blood volume is iincrscl} related to 
the amount of fluid given, and directly related to 
the time required for elevation of temperature 

4 While individuals vary m their response to 
artifiaally induced high temperature, there exists 
for each individual a blood volume level beyond 
which further reduction m volume leads to pe- 
ripheral vascular collapse 

5 The rate of gross waiter loss during main- 
tenance IS not directly related to the duration of 
fever or to the amount of fluid or the method b> 
winch it IS administered, but is related to the 
difference m temperature between the patient’s 
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cc P£R mm pfR mt 

Fig 5 Relationship between Chances in Tissue Fluid 
Volume and Total Fluid Intake 
The amcrnut of fluid withdrawn from or entering the tissue 
spaces is directly related to the rate at which fluids are given. 
A net loss of tissue fluid at a rate exceeding 5 cc, per hour per 
tgra. of body weight cannot be tolerated at high temperatures 


body and the environmental air and to the relative 
humidity thereof 

6 The rate of loss of tissue fluids is directly 
related to the rate of fluid intake, and tissue flmd 
loss at a rate exceeding 5 cc, per hour per kgm 
involves the nsk of serious collapse 

7 The prevention of shock m artificial fever 
therapy is dependent upon the giving of fluids m 
amounts and by routes adequate for the mam- 
tenance of the blood volume and water balance 
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mon for hit encouragement and helpful suggestions in 
this work. 

Wc wish to express our thanks to Dr Stafford L, 
Warren and Mr Francis Bishop of Strong Memorial 
Hospital Rochester New York, and to Dr Walter M 


Simpson and Dr H Worley Kcndcll of the Miami Valley 
Hospital Dayton Ohio for the opportunity to study 
patients in the cabinets used at their respective insti 
tutions and for their helpful encouragement m this work. 
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In the past, opportunity to study the hypogly- 
cemic state m human beings has been difficult to 
obtain Before the introduction of the insulin 
hypoglycemia treatment of schizophrenia, the hy- 
poglycemic state was considered to be dangerous 
and only a few observations were made by de- 
liberately inducing this state m mam In January, 
1937, the treatment of schizophrenia by the in 
suhn hypoglycemia method was undertaken at the 
Rochester State Hospital The patients were 
normal, physically, but had a functional mental 
disease , they thus provided an excellent chance to 
observe the effects of the mjection of insuhn and 
insulin hypoglycemia The following study on 
the relation between the concentration of uric acid 
in the blood and the administration of insulin is 
a portion of the work done on the chemical 
changes accompanying hypoglycemia among these 
patients 

If one administers a large dose of insuhn and 
allows hypoglycemia to develop, the concentra- 
tion of unc acid in the blood drops markedly 
The extent of the drop vanes, but it may reach 
large proportions (Table I) 

1 Fellow m Medicine- 


Insulin hypoglycemia decreases the concentra- 
tion of uric aad m the whole blood, serum, and 
plasma The decreases differ, however, m the 
different components of the blood (Table ll) 

Table III shows the concentration of unc aad 
and sugar when msuhn was not administered 
These control studies, which do not show any 
significant spontaneous alteration m the concen- 
tration of unc aad m the blood, would seem to 
confirm the impression that there is a causal re- 
lationship between the admimstration of a large 
dose of insuhn and lowering of the value for the 
unc aad in the blood 

These studies led to an mquiry into the question 
as to whether the ability of msuhn to cause a drop 
m the value for the blood sugar, or some other 
property of msulm, is responsible for the change. 
To study this question a large dose of msulm was 
given to fasting patients This dose was equal 
to or greater than the amount necessary to pro- 
duce coma- Following this, suffiaent carbohy- 
drate to prevent the appearance of hypoglycemia 
was administered The lowering effect of in- 
sulm on the blood sugar Avas counteracted by the 
givmg of approximately 25 grams of chocolate 


TABLE 1 


Effect of tnjedton of tnsultn on the concenlralion of miar and unc aetd in the blood tn three cases of schttophrenta 


Date of analyiU 

1 

CaM 

1 

UnltB d 
Itumlin 
Klnxlnlt’ 
tend at 

7 a-m- 

j Stuai* 

Uric addt 

Alaxlmal 
decnaae In 
concentra 
tlon d 
uric add 

7 a-ni 

9 a-m- 

11 ajn 

7 a-m 

9 a-m 

11 ajn 




iHf* per 

•It* Ptr 

Ptr 

mrn Per 

■ifn* Ptr 

Mr** per 


19S7 



100 a 

toou 

100 cc 

100 cu 

100 cc^ 

100 u 





qfbJccd 

t^bJeod 

of blood 

pf blood 

of blood 

of blood 


Mar 23 

1 

65 

117 9 

56 9 

44.5 

3-5 

20 

1 1 


Mar 24 , 

mm 

100 

100 0 

55-5 

250 

44 

40 

36 

18.2 

Mar 24 


80 

125 0 

606 

27.3 

27 

2J 

1 9 

29 6 

Mar 29 


80 , 

117 0 , 

514 

29 2 

48 

KM 

3 1 

35 5 

Mar 30 


100 1 

106-3 1 

57 1 

25 1 

39 

KIK 

29 

25 6 

Mar 30 


90 

96 6 

53.3 

24 7 

34 

m^m 

2-5 

26.5 

Apr 1 ! 

mm 

80 

103 1 

30 3 

26-2 

3 1 


29 

64 

Apr 1 

2 

100 

909 

28 9 

21 7 

3.5 


2-8 

20 0 

Apr 1 ' 

3 

80 

89 7 

29 4 

234 

31 


26 

161 


* Determined by method of Folin (1^ 
t Determined by method of FoHn (iTj 
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TABLE n 


Effect of cdmtm Stratton of 100 umts of tnsuhn * on the con- 
cert rat ton of unc aetd ard sugar tn the blood tn Case 2 




Concentration 

Maximal 
decrease In 



7 a^n 

9 ajn 

11 ajn j 

coneentra 
tion of 
uric add 

Unc 

acid 

In whole blood 

' mfm 
per 
tOOcc 

20 

m^m 
Per 
100 cc 

1 4 

Tn£77f 

per 
100 cc 

1 3 

^er cent 

35 0 

In plasma 

40 

30 

23 ; 

42 5 


In serum 

1 

54 

22 

10 

1 

81 4 

1 

Sugar in whole blood 

106 3 

35 7 

30 4 



* 100 units of insulin administered at 7 am, Apnl 2, 
1937 


TABLE m 

Concentration of unc and and sugar in the blood when tnsuhn 
was not administered 


Dale 

of 

analyca 

i 

Cnje 

Eacar 

Uric acid 

Maiiinal 
chuDEC in 
concentration 
of nric 
acid 

7 a.m. 

0 aaa. 

lliun.| 

7 ajn. 

0 ajn. 

llft-m. 

In- 

crease 

De- 

crease 

! 


rt'-n 

nm. 

j 

ri^n. 


tnffn 





per 100 

per 100 

per too 

per 100 

per 100 

per 100 

per 

per 



ec, cf 

ec. cf 

cc. cf 

ec cf 

ec cf 

cc of 

cent 

ctni 



Uood 

Wood 

Wood ' 

Wood 

Wood 

Wood 



Mar 25 

1 

m2 

1004 

05JJ 

2,6 

24 

2,9 

16 


Ma. 25 

*» 

1002 \ 

05,2 

1 

3S 

36 

32 1 


16 S 

Mtr 25 

3 

102,0 

PSJ 

976 ! 

2,6 

27 

22 1 


11,6 


cand}' each 15 to 30 minutes after the stud} w^s 
begun (Table IV) Qmical evidence of h}"po- 
ghccmia did not appear in any of these patients 
during the studies, ne\ ertheless, tlie \alue for the 
unc acid in the blood fell markedl} It seems, 


therefore, that one can administer a large dose of 
insulin, prevent the development of h}TX)gl}ccnin 
by the administration of carbohydrate, and }e{ 
produce a considerable drop in the concentration 
of unc acid in the blood 

COMMENT 

The literature includes the following reports 
of studies on the interrelationship of carbohy- 
drate and purine metabolism In 1923, Remond 
and Rouzaud ( 1 ) observed a relationship betv cen 
the concentration of dextrose and unc acid in the 
blood They stated that the concentration of unc 
acid is decreased by administration of carboh)- 
drate In 1924 Lennox (2) noted that the con- 
centration of unc acid in the blood is increased 
by starvation and diminished again when the feed- 
ing of carbohydrate and protein is resumed 
Lodae and Hubbard (3) found that diets high in 
fat and low in carbohydrate induce an increase in 
the concentration of uric acid in the blood of 
patients who have gout and that diets high in car- 
bohydrate lo^\er the concentration in these cases 
Quick (4) has shown that ketosis or a lack of 
antiketogenic substances can cause a retention of 
unc acid m the body 

Tashiro (5) induced a decrease in concentra- 
tion of unc acid m the blood of geese by the in- 
jection of insulin whereas Liotta (6) reported an 
mcrease m the dog Kurti and Gyorgyi (7) ob- 
served that the time necessary to excrete a given 
amount of unc acid is prolonged by administration 
of insulin but Qirometzka (8) stated that he had 
been unable to influence punne metabolism vith 
insulin Taubmann (9) desenbed an increase in 


TABLE rv 

Cc^cer*raitor of unc and ard sugar ir the blood in cases in which sugar was given at intervals of 15 to 30 minutes after 

the administration of insulin 
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excretion of allantoin in dogs following injection 
of insnlm whereas Ogawa (10) reported a de- 
crease. Buadze (11) stated that m dogs he had 
induced an increased excretion of unc aad ac- 
companied by a decreased output of allantom by 
mjection of insulm 

A series of studies (12, 13 14, 15) which have 
appeared from Chaikoff s laboratories bear on the 
subject of the relation of punne and carbohydrate 
metabolism in dogs Tliese workers have shown 
that either injection of insulin or epinephrine in 
creases excretion of allantoin by ordinary breeds 
of dogs and increases excretion of unc aad in 
Dalmatian dogs They found tliat insulm could 
not mducc these changes in the absence of tlie 
adrenal glands, or if the effect of the insulm was 
counteracted by carbohydrate feeding 

A method of bnnging about a marked fail m 
the concentration of unc aad in the blood, such 
as has been observed following the administration 
of insulin, m the present investigation, may have 
some therapeutic usefulness in cases of gout 
Expenments to determme this are imder con- 
sideration 

CONCLUSIONS 

1 Subcutaneous injection of approximately 
one to two units of insulin per kilogram of body 
waght causes a marked fall m the concentration 
of unc aad in tlie blood of man 

2 The drop in concentration of unc aad is 
mdependent of the appearance of hypoglycemia. 
It occurs when hy^x^glycemia is permitted to de- 
velop and also when the lowering effect of insulm 
on the concentration of blood sugar is counter 
acted by administration of carbohydrate 

This work was earned on under the direction 
of Dr B F Smith, Supenntendent of the 
Rochester State Hospital, and Drs F P Moersch 
and R M Wilder of The Mayo Clime. 
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It has been demonstrated that changes occur m 
the heart m the presence of myxedema In 1918, 
Zondek (1) first described the large sluggish 
heart, bradycardia, and certain alterations m the 
electrocardiogram Since then Assmann (2) has 
shown that the use of thyroid extract results m 
the reduction in the size of the heart, but that 
digitalis IS without effect in this respect Hal- 
lock (3) reported fall m blood pressure, decrease 
in the size of the heart, weight loss, mcrease in 
vital capaaty, and alterations m the electrocardio- 
gram following the administration of th)a*oid ex- 
tract Means (4) studied the relationship be- 
tween the basal metabohe rate the pulse, and the 
cardiac output Venous pressure is not signifi- 
cantly affected by the use of thyroid eSrtract (5) 
Altschlile and Volk (6) studied the volume out- 
put, the work of the heart, and the circulation 
rate m hypothyroidism mduced by total ablation 
of the thyroid gland They found the minute 
volume decreased in seven patiefits, the arterio- 
venous oxygen difference of the blood increased, 
and the blood veloaty m most instances slower 
than normal 

We have had occasion to make studies of four 
patients suffenng from spontaneous myxedema 
Although previous workers have studied mdi- 
vidual funebons of the heart and circulation m 
this disease, observations have not been recorded 
in which the several functions have been corre- 
lated in tlie same patient both before and dunng 
treatment vnth thyroid extract * 

METHODS 

All patients were free of the signs of congestive heart 
failure. Observations were made m the morning while 
the patients were in a basal metabolic state. Measure 

^ Read by title before the Twenty Eighth Annual 
Meeting of the American Society for Ormcal Invest! 
gation Held m Atlantic Cit>, New Jersey May 4 1936 

* We wish to express our mdebtedness to the Metabo- 
lism Division of the Department of Medicme for its co- 
operation and permission to study these patients. 


ments of the cardiac output were made by the acetylene 
method, three samples of gas being taken as recommended 
by Grollman (7), and further elaborated by Grollman, 
Fncdman Clark, and Hamson (8) During this meas 
surement the patients were sitting m a steamer chair 
(angle 135 degrees) with legs extended. They were 
tramed to carry out the procedures beforehand. While 
resting quicUy the radial pulse was coimtcd at intervals 
of five minutes. At the end of one-half hour the acety 
lene air mixture was rebreathed Three samples of the 
gas were then taken during each rcbrcathing penod for 
estimation of the artenovenous oxygen difference. Three 
penods of rebreathing were carried out on each patient 
Shortly afterward, the oxygen consiunpUon was meas 
ured with a Benedict Roth spirometer After a short 
pause, the vital capaaty was measured and the height 
and weight recorded Then the patient rested again, 
lying dowTU In lucccssion, suflSaent time being allowed 
between each procedure for the patient to return to a 
basal state, an electrocardiogram was taken, the arm to 
tongue arculation time recorded, the venous pressure 
estimated, and the blood pressure measured Finally an 
X ray photograph of the heart was made at a distance 
of two meters 

The arm to tongue circulation time was estunated by 
the use of deefaohn 5 cc. of a 20 per cent solution were 
mjected rapidly (1 to 2 seconds) through anTS gauge 
needle into an antecubital vein while the patient was 
lying quietly in the prone position. This was repeated in 
one and one half mmutes after the response to the first 
test had been elicited The time ^va8 recorded from the 
beginning of the injections until the patient perceived 
the bitter taste The injection time was also recorded 
since, however the response may come with a minimum 
amount of the drug the time which we have used was 
taken from the start rather than from the conclusion 
of the mjcction. The same vem cither nght or left was 
used m each patient for the injections. 

The venous pressure was measured by the direct 
method (9) using a large antecubital vein the vein 
being placed on a level with the nght auricle. The 
apparatus consisted of an L-shaped tube of glass at- 
tached to a three way stopcock, synngc and an 18 gauge 
needle. The apparatus was filled with a solution of 
sterile, normal saline, a vcmpuncture performed, and the 
direct pressure readings recorded Normal pressures with 
this apparatus range from 40 to 90 cm, of saline. The 
same vem was used for subsequent observ'ations and the 
other one for the estimation of the circulation time, 

X ray photographs of the heart were the 
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Fig 3 Coreelation bet\veen the Oxygen Consui 
TION AND THE AeTERIOVENOUS OxVCEN DlFFEREVa 

As the oxygen consumption of each individual inacas 
m thvroid therapy the artenovenous oxygen differm 
)ccotnes less 

ncreases In a similar fashion, there is a hm 
^relation between the basal metabolic rate am 
e arteriovenous oxygen difference (Figure 4), 
ince the artenovenous oxygen difference becomes 
-ss wth the nse in the basal metabolism until 
ormal relationships are established at 600 cc. 
rtenovenous oxygen difference, and zero basal 
lefabolic rate Finally, a linear relationship t 
m these patients between the circulation 
and the cardiac output per minute, as th' 
Lrdiac output increases, the circulation time be 
mes shorter (Figure 5) 

The venous pressure in these patients was cot 
-vated during the myxedematous state ari 
owed no uniform changes as the basal metabob 
te rose to normal 

The size of the heart decreased markedl) 
yTOid therapy m all patients except in 
attempt was made to raise the metabolic * 
this patient to normal by use of thjTOid ^ 
The greatest diminution in size occurr-^^ 
Case 4 amounting to 25 per cent of the 
^ measured before thyroid extract was 2 ^ 
mistered The smallest reduction occurrt<fJ^ 
se 2 amounting to 9 7 per cent of the 
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’iC 4 CORKELATION BBTVV'EEN BaSAL METABOUC RATE 
AND THE ArTEBIOVXNOUS OxYCEH DifTESENCE 

is the basal metabolic rate increases the artenovenous 
oxygen difference decreases 

ize The case of M R (Case 1) serves to il 
ustrate these changes (Figure 6) 

DISCUSSION 

The myxedematous state in these patients was 
■ssociated with a low basal metnl)olic rate witli 
lecrease m cardiac output per minute and per 
icat with increase m the artenovenous oxygen 
hfference and slo\\ing of the veloaty of the 
)lood flow This wns a reversible state since the 
idmmistration of thjroid extract vras assoaated 
vith alterations toward the nonnal levels of these 
unctions and with shrinking m the cardiac size 
The finding of a widened arteno\ cnous oxygen 
hfference dunng tlie myxedematous state is 
lomewhat puzzling In the myxedematous state 
t appears that, even though the circulatory needs 
)f the body are markedl> lowered the heart docs 
lot maintain a cirailation adequate for these 
owered re<[uirements since the artenovenous 
)xygen difference increases In short the velo- 
^ty of the blood flow may be so slow that greater 
imounts of ox>gen are renlo^ed from each unit 
^f blood than normally ocairs Boothb} and 
^iynearson (13) proposed the hjqxithesis that in 
he hyperthjToid state there is present in the or- 



ganism a special arculatory stimulant, which 
causes a greater increase m the arculabon rate 
tlian occurs m a normal subject as the result of a 
corresponding increase in oxygen consumption 
due to work In the myxedematous state it may 
he possible that the opjxisite is the case, namely 
that the circulation becomes abnormally slow in 
comparison to the oxygen consumption because of 
the lack of sucli a substance. Thyroid therapy m 
this state however apparently supplies a sub- 
stance which m addition to increasing the oxygen 
consumption of the bod) also stimulates the ar- 
culatory apparatus to return to such an effiaent 
state that the artenovenous oxygen difference be- 
comes normal Our observations lend weight to 
Boothli) and Rjmearson’s hypothesis The slow- 
ing of the veloaty of the blood flow and the de- 
crease m cardiac output in the myxedematous 
state are apparently brought about by factors 
different from those present in congestive failure 
(14) 

In Case 4 A H , there occurs an additional 
factor which leads to interesting observations 
This patient, as has been stated before was 
anemic. Although the basal metabolic rate was 
low ( — 39 i)er cent) m the presence of a rather 
severe myxedematous state, the artenovenous 



Fio, 5 Linear Relationship between the Cardiac 
Output and thp Circulatiox Time as Improvement 
Occurred with the Use of Thyroid Extract 

As the cardiac outimt Increasca the circalation time be- 
comes shorter 
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Fig 6 PnoTOCR-vrns of X-ka\s of M R, Case 1 

Photo^riph I liken on rcbruar\ 12 1935, it a time when the basal mclabohe rate was — 37 per cent, be 
fore llnroul extract w*is ;:i\en Photograph B was taken on March 7, 1935, after the basal melabohc rate hi4 
n^cn to — 17 per cent on the idministntirin of th\roid extract Photograph C recorded the size of the heart on 
Mi\ 10 193^ when the ba^al metabolic rate w*as 0 per cent D represents outlines of the heart traced from the 
X r^^ p"-otogriphs / B and C on thin paper and superimposed in the manner shown 


<*N\^en dilTcrtncc at the upper limits of 

rioninl and rnorto\cr the \clocit\ of blood flow 
\\a^ well wuhin nnnnal limil^ It i^ recalled that 
in the ojier patient*^ the artcrio\ cnous 0 N\"cn 
dirtrti CL increa*-cal a*' well a^ the cirailation 
tn e It ha'‘ hv.cn 4iowai In Stewart Crane and 
l')^. trick 1 15 » and otherN (16, 171 that anemia 
'-p oF up il e craihiuni nuc On the lia-is of 
d tiuU cc 1 '’Pi v'^rv that thi'- lactnr wa^* ac- 
ein -i \ In- tic nnnnal ni*' owgen 

Cw I X thw ic It 111 vh(»m \ c would ha\c 
t 1 -*1 . ai If thi'' i'- the 

- i I'* ’ a r’ c- tin vlu c apjn- 


ratus in m\'Nedema is able to respond m a nonrnl 
fashion to factors other than tlnroid extract 
The data on this jiatient lend CMdencc to our be- 
lief that the wide artcrio\enous ON\fi:cn difference 
in mwedema is owing to the slow \elocit} of 
blootl flow 

\nother question which might be raised is 
whether the entire circulatorv s\sicm is affected 
In th\roid thcra]n or whether the heart is es- 
pecialh «^u^ceptihlc It appear^ from our corre- 
lation that the dccre*asc m the cirailation lime 
and the dexrrca^e in the arteriotenou-' oxjg'n 
ditlerence lollowing thcnipv correspond \cn 
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closd> to the decrease m heart size and to its 
increased output and 'work per beat (see p 247) 

We had the opportunity of studying one of the 
patients, MJl , Case 1, after thyroid e x tr act had 
been discontinued, and to make deductions re- 
lating to the duration of its effect June 20, 18 
days after thyroid extract bad been discontinued 
(Figure I), the heart remained small, although 
the basal metabolic rate was now — 22 per cent, 
nevertheless it 'was less efhaent than when it 
had been larger m size with the basal metabolic 
rate — 1 per cent or — 3 per cent Thus indi- 
cates that heart size alone, in this state, is not 
the only factor regulating its efiiacncy It is 
apparent, by inference, that thyroid extract might 
have affected the muscle directly when it was 
given or tliat m its absence the arculation had 
lacked the stimulating factor In spite of this 
decrease m efficiency, the circulation 'was never- 
theless still considerably more adequate than it 
'Was before thyroid therapy was first instituted 
It appears that the effect of thyroid therapy 
persists, at least longer than 18 days (Figure 7) 
since the work of the heart m proportion to 
its size did not drop along the same line as it had 
risen on thyroid therapy These differences are 
perplexing and we believe 'warrant further study 
In short, certain effects of the lack of thyroid 
hormone probably appear only after a long period 
of deprivation while the changes in basal metab- 
olic rate take place in a shorter time. 

Electrocardiograms of these patients were 
taken at frequent intervals both before and after 
the institution of therapy In the patients suffer- 
ing from spontaneous myxedema, before therapy 
^va8 begim, the QRS complexes were of low am- 
plitude and slightly spht The T-waves in all 
three leads were of low amplitude, Ti was nega 
tive m one (Case 1) and diphasic in another 
patient (Case 2) and * coved m both T, was 
diphasic m three patients (Case 1, Case 2 and 
Case 3) There was nght axis de'snation in two 
(Case 3 and Case 4) and left axis deviation m 
two (C^se 1 and Case 2) The P— R conduction 
time was prolonged in one (Case 4) and at the 
upper limits of normal in two others (Case 2 
and Case 3) The chest lead • was characterized 

• The cheat lead was denved from the nght arm elec 
Itxde placed just within the apex and the left arm elec 
trode placed in the intcrscapiUar region (18) 



— ' — Off thyroid Extrajct 
— ' — OnTb^idTxtrfl.ct 

Fig 7 Lett VENnacuLAa Work Per Beat and 
Cardiac Volume 

The data from Table I relating to work of the left 
ventricle per beat arc plotted against the corresponding 
cardiac volumes. Line AB represents the best line, the 
regression of the work on the area, defined by Starr, 
Collins and Wood (12 Figure 2) on the basis of a 
statistical treatment of data from a control group of 
cases. Lines CD and EF arc placed by these authors at 
a distance of twice the standard deviation from AB It 
apiiears from their observations that a patient falling 
within the zone CD-EF has a normal circulatory func 
tion that is to say the work of the heart is coramemurate 
uith its size on the other hand, they found that the 
values relating to patients who had suffered from cardiac 
decompensation, fell in a zone below CD In the myx 
edematous state before thyroid extract was admmistcred, 
three of the patients studied fell outside the Ime CD 
while the other two fell just within the line CD After 
therapy all the patients moved up into the normal zone, 
toward the line AB 

by very small Q waves, moderately low R-waves, 
and low -voltage T'-w-aves -which were negative, 
but -with a slight positive phase in twt> instances 
(Case 1 and Case 3) 
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second The stnndirdizntion is such that 1 cm deflection of the string is equivalent to 1 millivolt The original curves arc 
slnrpK contrasted black and white, no half tones are lost by this method of reproduction The electrocardiograms are reduced 
to two thirds their natural size 
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Following the administration of thyroid ex- 
tract, the QRS complexes and the T-waves 
increased in amplitude* The two patients ex- 
hibiting nght axis deviation beforehand, now 
showed left axis deviation The P-R conduction 
time decreased in all four cases, even though it 
was not prolonged during the myxedematous 
state In the chest lead the Q-waves increased m 
araphtude and the T-waves became more negative 
in two cases (Case 1 and Case 3) The electro- 
cardiographic records of A H (Case 4) serve 
to illustrate certam of these clianges (Figure 8) 
In the case of M R* (Case 1) there was occa- 
sion to observe the electrocardiograms first before 
thyroid extract was given, then dunng the ad- 
ministration of this extract, when she exhibited 
the alterations which have just been described 
Now when the extract was no longer given, the 
configuration of the electrocardiogram reverted 
to its earher type, charactenred by low QRS com- 
plexes and flat low T-waves Once agam when 
the extract ^vas given, changes were recorded in 
the electrocardiograms as before* 

In the case of M S (Case 5) who had ex- 
perienced total thyroidectomy, the use of thyroid 
extract was associated with increase in amphtude 
of the T-waves and m changes in the chest lead 
similar to those which we have described 
The electrocardiographic characteristics of 
myxedema appear to be low amphtude of the 
QRS complexes and of the T-waves in the three 
standard leads, as well as in the chest lead 
Moreover, the Q ^vaves in the chest lead are 
small The administration of tliyroid extract re- 
sults in increase in amphtude of the QRS com- 
plexes and of the T-waves 
The nature of the cardiac enlargement * in the 
myxedematous state is not known AVliether 
there is dilatation of the chambers of the heart 
assoaated with altered venous return (although 
our observations show no significant alteration) 
or increase in arculating blood volume, or 
whether enlargement is a consequence of altera- 
tions m the muscle fibers and tissue spaces are 
matters which have not been settled Most au- 
thors agree that such a heart is microscopically 
very httle different from normal heart muscle, al- 


* * Enlargement " is used without nuking a distinction 
between hypertrophy and dilatation. 


though all call attenbon to the large, flabby organ 
when the gross specimen is examined 

That it IS not hypertrophy of the organ is ap- 
parent smee its size decreases so readily when 
thyroid extract is given , m short, it is a reversible 
reaction Moreover, the heart in this state is a 
sluggish organ and accomplishes less work than 
normal at each beat (Table I) We have calcu- 
lated the work per beat by tnaking use of Star- 
ling s formula (19) 

in which fV equals the work done per beat, Q 
equals tlie volume of blood expelled per beat, R 
equals the mean arterial blood pressure in mm 
of Hg X 13 6 , R equals the velocity of blood at 
the aorta , w equals the weight of blood , g equals 
accelcrabon due to gravity The last part of the 
formula, ivV^/2g, has been omitted in order to 
make our results comparable with those of Starr, 
Collins, and Wood (12) By substituting values 
JJ3 this Sormulst wc have calculated the work of 
the left ventnde per beat The work per beat 
done by the left ventricle was found less dunng 
the penod of decreased cardiac output at low 
metabolic levels than later when the output was 
greater and the basal metabohe rate normal 
(Table I) We have related the work per beat 
to the size of the heart (Figure 7) Starr and 
his associates (12) have shown that the work of 
the left ventricle which is mamtainmg an adequate 
arculation bears a linear relationship to the size 
of the heart, and have defined a zone of normal 
arculatory function In a similar fashion we 
have plotted cardiac volumes as abscissae and 
granuncters of work of the left ventnde per beat 
as ordinates (Figure 7) Three of the patients 
(Cases 1, 2, 4) fall outside the zone of normal 
circulatory function, bdow the Ime CD and the 
fourth (Case 3) within the zone, but dose to the 
Ime CD In short in 3 patients the work of the 
heart was not commensurate with its size. As 
the basal metabohe rate rose with administration 
of thyroid extract, all move up into the zone of 
normal circulatory function and doser to the best 
line AB indicating improved cardiac function 

SUMMARY 

In the presence of myxedema the cat'diac out- 
put per minute and per beat arc 
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\doat} of blood flow slow, and the heart larger 
than normal for that indnidual at a time when 
the basal metabolic rate is low JkIoreo\er, the 
work per beat is low and not commensurate with 
the size of the heart With the administration of 
thjroid extract and the increase of the basal 
metabolic rate to normal Ie\ els, the cardiac output 
increases per minute and per beat The veloaty 
of the blood flow increases and the heart becomes 
smaller The situation is then a re\ersible one 
In the mj’xedematous state the artenovenous 
OX} gen diflfcrencc is increased There is present 
apparent!} a defect in the maintenance of the cir- 
culation since the circulation rate is slow^ed to 
such an extent that it is inadequate e\en to the 
decreased tissue requirements for oxygen It has 
to be met b} encroachment upon the arteriovenous 
OX} gen difference The explanation of this phe- 
nomenon IS not now at hand, but it has been dis- 
cussed in the light of Boothb} and R}Tiearson’s 
h}"pothcsis with respect to h}qierthyroidism It 
Ins been demonstrated that the lengthening of the 
cirailation time in m}^cdema bears a linear re- 
lationship to the cardiac output per minute as w^ell 
as to the OX} gen consumption, that the arteno- 
venous OX} gen difference has a linear relationship 
to the OX} gen consumption and the basal metabolic 
rate 
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The problem of heat diseases has long been 
an important one in the tropics, in certain indus- 
tnes and occupations requinng exposure of in- 
dividuals to high temperatures, and during 
periods of excessively hot weather m the aties 
of the United States In spite of the voluminous 
literature on the subject, there is no unanimity of 
opimon regarding the predisposing and preapitat- 
ing factors which bnng about such reactions 

Three fairly disbnct chmcaJ syndromes may 
occur as the result of an excessively high environ- 
mental temperature. These are heat cramps, heat 
exhaustion, and heat stroke. The S 3 mdrome of 
heat cramps has long been known among workers 
m hot environments In addition to severe mus 
cular cramps, these patients sweat profusely and 
have a normal temperature The work of Edsall 
(1), Moss (2), Haldane (3), Glover (4), Talbott 
and hi3 coworkers (5, 6), and others (7) sug- 
gests that this s 3 mdrome results pnmanly from 
an excessive loss of electrolytes, namely sodium 
chlonde, in the sweat The symptoms can be re- 
heved or prevented by the admimstration of 
sodium chlonde, and the mortahty is negligible. 
The syndrome of heat exhaustion is charactenzed 
by profuse perspiration, pallor of the skm and 
low blood pressure — raamfestations of penpheral 
arculatory collapse. The temperature may be 
subnormal, normal, or slightly elevated The 
symptoms are of a s 3 mcopal nature, namely, weak- 
ness, dizziness, and sometimes fainting Nausea 
and vomiting may occur As a rule heat exhaus 
tion 13 not a senous condition Recovery is rapid 
and the mortahty low Heat stroke, on the other 
hand, is a most serious condition, having a mor- 

1 Theie studies were aided m part by a grant from the 
Union Central Life Insurance Company 

* Presented in abstract form at the May 1937 meeting 
of the Amcncan Society for Qlnical Investigation At- 
lantic City New Jersey 


tality which ranges from 10 to 80 per cent (8, 9) 
The syndrome is characterized by an extremely 
high body temperature and profound coma Sun 
stroke, heat collapse, thermal fever, and heat hy- 
perpyrexia are terms used to describe this con- 
dition, the most outstanding feature of which is 
a high body temperature Heat stroke may be 
preceded by symptoms of heat exhausbon or it 
may develop suddenly, without warning to the 
victim It IS probably the cause of the majonty 
of deaths attnbuted primarily to excessively hot 
weather 

Various observers differ regarding the relabve 
importance of the vanous factors which, in addi 
bon to the high environmental temperature, may 
be responsible for the breakdown m the heat 
regulatory mechamsm in heat stroke Many ob- 
servers (2, 3, 10, 11, 12, 13, 14), have stressed 
the importance of a high humidity Sayers and 
Davenport (10) and Adolph and Fulton (11) 
studied its effect by producing moderate eleva- 
tions of body temperature in humans in a hot, 
humid environment Alcoholism (8 10, 12, 13) 
and old age (10, 13 15) have been demonstrated 
to be important contributory factors in the de- 
velopment of heat stroke Metropolitan Life In- 
surance stabsbes show that 75 per cent of the 
deaths rcsulbng from heat stroke occur in pa- 
tents over 60 years of age (16) Since the chief 
means of heat dissipabon are radiabon, conduc- 
bon and convection, and evaporation from the 
skm, vanous explanabons involving the break- 
down of these mechanisms have been proposed as 
the pnmary cause for heat stroke. Circulatory 
failure (11 17,18 19) acidosis (20), “ fatigue ” 
of the sweat glands (21), the influence of the sun 
on the heat regulatory center (22 23), and in- 
creased body metabolism (15) have each been 
held responsible for the breakdown in the heat 
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rcgixlalon mechanism and for the clinical mani- 
festations 

There IS also a difference of opinion m the 
literature concerning certain of the clinical mani- 
fc'^tations, such as the state of the peripheral 
circulation, cardiac function and function of the 
sucat glands, nhich might bear on the patlio- 
gcncsis as ncll as therapj in this condition A 
number of observers ha\e stressed peripheral cir- 
culators failure or congestne heart failure as 
important clinical manifestations of heat stroke 
(13, 14, 22, 24, 28), giMng the impression that 
pulmonar} edema, cardiac failure, and shock are 
common In a senes of 64 cases reported by 
Gauss and Mejer (8) failure of the circulation 
was not a prominent feature While se\eral ob- 
<:cr\crs (7, 8, 13, 21, 22, 23), report that sweat- 
ing IS t}7)ically absent in heat stroke, others (9, 
13 24), slate that sweating ma} occur 

During two scicre heat wai\cs in the summer 
of 1936, 44 patients suffering from heat stroke 
were admitted to the Medical Servace of the Cin- 
cinnati General Hospital We think that the re- 
•^ults of our studies on these patients should 
clann certain conflicting ideas regarding the 
pathogcnc*^!^, cluneal manifestations, and treat- 
ment of heat stroke 

METHOD OF STTjDV 

OnU tho^L piticnts in whom a definite diagnosis of 
lei (ln*pcrp\ rexia) could be made were selected 

for t' i< su d\ The diagno'^is was not difTicult in those 
! g rectal temperatures above 106^ F For 9 patients 
w"* o I **(1 admi««:jon temperatures ranging from 104 to 
lO'i t' e diacrn^is depended upon the elimination of other 
of an clc^aitcd temperature, and upon the 
• J cc«r<c 

i c t^** of the patients were admitted 

a 5 im pe^tcyl of tir'c our facilities were 

j rca ' t.\c’^a5:ctj and co’^p^^te s’udics could not be made 
f'* Hn e'ic’' 39 pa lued lo^'g cnoagh to 

tTa*** '•cd wf'e p \cn p^\<:ical exam nation^ 

.111 1 blood cell cojnt 

I ^ d*- na iv.'' ^ b: e ce^l cou’^t difir'- 

^ Ka' a in* 

. ^ ’ T ^ c c all pa v*a5 foMo cd 

a c a* r KrC*-. ^ c-'c rccc^d^ 

^ cz - T* u ^ ^e cal cd c-'U 

M ' jr a< e ap-^rx 'xa c c’o*-cl% 

^ a . 1*^ !'2’ F t*** 5™* V 

c P- j- r jc < cl ^ ral ar ’ I oM 

V •a H c -T a i-r ' ar 1 re- 


peated immcdiateh following the reduction in tcmpcratirc 
b> ICC w’atcr baths but before an\ other thcrap> was m 
stituted Control studies on those patients who survned 
were made just prenous to discharge and at least 2 davs 
follownng an> parenteral adrmmstration of fluid or salt 
In addition to a routine cxammation, particular attention 
w^s paid to the arterial blood pressure, respiration, pu!*c 
skin color, mental state, lung signs, presence or absence of 
edema, and venous blood pressure of each patient in this 
group Blood samples were obtained under oil from the 
femoral arterj and femoral vein and were used for as 
man> of the followung determinations ns possible non 
protem nitrogen, total protein, A/G ratio, sodium chio 
nde, sodium, potassium, cholesterol, hemoglobin, hema 
toent, red blood cell count, carbon dioxide content, and 
ox>gcn content The chlondc concentration of the initnl 
specimen of unne was determined in 2 patients The 
clotting time of venous blood obtained at the time of ad 
mission v\as determined m 5 cases The pressure m the 
femoral vein was obtained b> the direct method of Montr 
and Tabora (25) in 12 cases Clotting time wns dc 
termincd simultaneousl> by the tube and capillarj methods 

Gilondes were determined bj tlic method of Van Sl>Kc 

(26) Ox>gen and carbon dioxide contents of the oxa- 
latcd blood, taken with the precautions outlined by 
Austin, Cullen, Hastings, I^fcLcan, Peters, and Van Sbkc 

(27) , were made by the gasometric methods described 
b> Peters and Van Slyke (28), employing the Van 
Sljke-Ncill manometne apparatus The oxygen capac- 
ity vTiIues v\ere calculated, using the factor of U4 cc. 
per gram of hemoglobm, from hemoglobin dctcrmina 
tions that v\cre obtamed by the colorimetric carbon mon 
oxide method of Palmer (29) A Wratten filter, Num 
her 74, was employed with the Duboscq colorimeter The 
percentage of red blood cell volume was determined b) 
the method of Guest and Siler (30) The serum protein 
v’alues arc based on nitrogen determinations by the micro* 
Kjcldahl method In the fractionation of the scrum pro- 
tein, the Howe method (31) with the precipitation of the 
globulin by 22 per cent sodium sulfate solution wvis used. 
The details of the micro-Kjcldahl apparatus, digestion, 
and distillation arc described by Robinson, Price and Cul 
Icn (32) Scrum sodium wvis determined by the uran>I 
zinc acetate method of Butler and Tuthill (33), snd 
scrum potassium by the method of Shohl and Bennett 
(34) 

Because of the temporarv confusion which resulted 
from the sudden appearance of so many cntically ill 
tients on the medical wards a standard routine of treat- 
ment could not be immediately formulated Therefore, 
an opportunity to observe the effects of several recog- 
nized forms of treatment was presented Tlic 9 pati'^t^ 
V hose rectal temperatures were lOS® F or bclov 
ei her treated initially v ith cold sheets and fans or v ere 
given ro cpecific temperature lo enng trcatrrmt Sj*ce 
J patien*s v ere conscious and rational and v ere 
to talc fixds b rrou h a co'^tancr of vmter ha 

c of .o ^ am chla^i per quart was placed at th-^ ** 
^es fer them to d^ml as desred Two of th^ 
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gcvercly lU patients* also were treated with cold sheets 
and fans. This procedure consisted m wrappuig the 
patients in cold wet sheets and facilitating evaporation 
by blowing air over the sheets and at the same time 
massaging the skm through the sheets. Twenty five of 
the severely lU patients were immersed to the neck m a 
tub full of ice water and the skin was rubbed vigorously 
until the temperature was approxiinatcly 100 to 102* 
F Following the reduction m temperature, 23 of this 
severely ill gp’oup were given physiological salme paren 
terally in amounts ranging from 2000 to 4000 cc, daily 
until they cither died or recovered sufiSaently to take 
fluids by mouth. The remaming 2 patients of this group 
of 25 were given no fluids until they recovered suffiacntly 
to take them by mouth. 

One patient was administered 1500 cc. of physiological 
sahne mtravenously before physical measures calculated 
to lower the temperature were instituted, Ouc patient 
was subjected to a venesection of 500 cc. One severely 
ill patient was given no specific treatment because he im 
proved before coolmg measures could be used. Five 
patients died before any tlierapy could be instituted, 

A history was obtained from the patients who recovered 
and from the family and friends of all patients In ad 
dition to the character and duration of symptoms leadmg 
up to the heat stroke, they were questioned particularly 
regarding habits environment, occupation physical exer 
tion, exposure to sun, other diseases and degree of sweat- 
ing before the onset In addition, a social service worker 
from the City Health Department inspected the home and 
environment of most of the cases. 

RESULTS 

Eiivtromncntal and weather conditions The 
offiaal temperatures which were recorded dunng 
the July 1936 heat wave are listed in Table I 
These were obtained by the Umted States 
Weather Bureau at the Qifton Station The 
seventy of this heat Avave is indicated by the fact 
that for a penod of 8 consecutive days the maxi- 
mum temperature ranged from 102 to 106° F 
A less severe heat wave of 4 days’ duration oc- 
curred in August, but since 42 of the 44 patients 
included in this study were stneken dunng the 
July heat wave we shall limit the descnption of 
weather conditions to this penod We have no 
exact knowledge of the temperature of the en 
viEonment m which the individual patients hved, 
but it IS certain that their actual environment w'as 
considerably hotter than the official temperature 

•All patients having rectal temperatures above 106 F 
were considered to be severely ill smcc the majonty of 
these were comatose. Thirty five patients were classed 
as having severe and mne as having nnld heat stroke. 


TABLE I 

Official walher reports obtained from the Ctiflon Weather 
Observatory durtnz the July 1936 heal wave 
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* With rainfall, the temperature fell from 104“ at 4 p m 
to 80 at 5 p m. on July 11 Tbe mght temperature aver 
ages do not include temperatures on this date or on the 
evening of July 15 when the heat wave subsided 

at the Chfton Station which is situated on one of 
the hills wluch surround the more thickly popu- 
lated basin ” section of Qncmnati The Bureau 
also maintains a station on top of the government 
buildmg approximately 75 feet above street level 
in downtown Cincmnati, which is situated on low, 
level ground along the Ohio River basin This re- 
gion includes the business and crowded tenement 
districts of the aty The average mean tempera- 
ture during the penod under discussion was 2° F 
higher m the downtown distnct The daily 
maximum temperature was identical at the two 
stations but the night temperature Avas consider- 
ably higher in the “ basin ” 

An investigation of the homes of patients who 
developed heat stroke indicate that the majonty 
hved under conditions which favored an exces- 
sively Avarm environment, namely, the majonty 
lived on top floors of bnek buildings covered 
with flat roofs * It is of interest that 91 per cent 
of the patients resided m densely settled regions 
of the city 

The relative humidity as determined 3 times 
daily by the Weather Bureau m Qifton is listed 

* We arc indebted to Dr F Kirby Harder Acting 
Commissioner of Health of Cincinnati for ravcsligating 
the homes of heat stroke victims 
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n Tnblc I The a\cnigc humiditj, as one would 
con^^idcrablj less during the heat 
;\a\c than the a\erage for the remainder of the 
month 

Direct exposure to the rajs of the sun did not 
appear to he an important factor, as onlj 10 pa- 
tients had been exposed for a significant period 
of time Likewise, physical exertion appeared of 
little importance Onh 9 patients 'ivere doing 
work which at most required moderate exercise 
at the time of or preceding their collapse Thir- 
teen of the patients were emplojed and working 
during the heat wa\c, but none was engaged m 
occupations which required exposure to an en- 
\ironment anj warmer than that encountered by 
the a\crage person 

The daiK number of admissions of patients 
suffering from heat stroke is tabulated m Table I 
There were no admissions until the third day of 
the heat wa\c, and thereafter, with the exception 
of Tulj 11, the dail) admissions rose progressively 
for the duration of the heat wave The lack of 
admissions on Julj 11 was probably owing to the 
fact that coincidently with a rainstorm in the early 
afternoon the temperature fell rapidlj and re- 
mained near 80° F for the remainder of the day 
and night It is significant that most of the pa- 
tients entered the hospital in the afternoon or 
cxcning 

0//irr prcdtsposing factors The age of the 
patients Mncd from 25 to 90 jears However, 
onh 7 of them were less than 50 jears of age 
This di'-tribution of ages is showm in Figure 1 
It is cMdcnt that the greatest frequenej of age 
di<^tnbution is in the period of CO to 70 jears 

\lcohohc bc\cragcs appeared to plaj a sig- 
nificant role m the de\elopmcnt of heat stroke in 
a numlicr of patients ^^e were able to get reli- 
able mfomialion concerning the drinking habits 
of 3S patients Of these, 17 (44 per cent) had 
con^^umed significant amounts of beer or whiskej 
o 1 the da\ of their collapse and in man} cases 
tor si\tral preceding davs Howe\er, onlj 2 of 
thv^e p'^iicpts were considered to be chronic 
dnu^e^- aid none shoved definite CMdencc of 
deficiercv di‘=ca<ie Sc\cn additional patients had 
am un s oi alcuhol msufhaent to be 
CO ivide'c-d significant Founecn patients, chiefl} 
won i.*' defied co"^^unlpaoa of alcohol 

the cgt OI the would indicate, the 


• *5urvivccl 

Temp t*Died 



Fig 1 A Composite Chart Indicating the Ace, Ad- 
mission Temperature, and Outcome in 44 Cases or 
Heat Stroke. 

Most of the patients were o\er 50 years of age None 
of the patients having temperatures below 107® F died 
In the patients having temperatures above 107® F, there 
IS no clear relationship between temperature and mortalil) 
or between age and mortality 

majority presented clinical evidence of degenera- 
tive \ascular disease Eight gave a history of 
symptoms suggesting early congestive failure, of 
these, 2 had auricular fibnllation and 2 gave a 
history suggesbve of coronary^ artery' disease 
Benign artenal hypertension was present in 10 
patients Two suffered from degenerative dis- 
ease of the brain Of the 3 patients who were 
less than 40 years of age, 2 were alcoholic ad- 
dicts, and the other suffered from an acute res- 
piratory infection, postpartum anemia, and mal- 
nutrition This relationship between heat stroke 
and disease has been noted previously (35) 
The sex inadence wtis of no significance, 27 were 
males and 17 females The racial inadence may 
be significant, 37 were white and 7 colored, a ratio 
of 5 to 1, vhereas the ratio of vhitc to coIorc*d 
patients admitted to the hospital from the densely 



populated regions of the aty during the summer 
of 1936 was roughly 3 to 2 

Prodromal symptoms An adequate history of 
symptoms preceding the onset of heat stroke was 
obtained from 24 patients Fourteen patients 
suddenly collapsed and lost consaousness Of 
the 14 patients 5 had suffered from weakness, 
dizziness, nausea, and occasional attacks of faint- 
ing over a penod of 2 to 3 days preceding their 
collapse, 5 had noticed slight headache or weak- 
ness and a feeling of excessive heat, and 6 had 
had no premonitory symptoms whatsoever The 
onset was gradual m the 9 patients who suf- 
fered from mild heat stroke and was accompamed 
by a feehng of excessive heat The onset Avas 
gradual in only 2 of the patients who were af- 
fected severely A history of typical muscle 
cramps was obtained from only 1 patient, how- 
ever, a number had suffered from attacks of ab- 
dommal pain previous to the onset of the stroke. 

An attempt was made to ascertain from the 
histones whether or not these patients had noted 
any abnormality m their sweating habits during 
the penod of hot weather preceding their illness 
and also near the time of onset of their sjmp 
toms In 21 patients who could give information 
on the Bilbject, sweahng did not appear to be sig- 
nificantly altered dunng the hot weather previous 
to the onset of their illness Five thought that 
they had sweat excessively 3 less than usual, and 
13 had perspired normally under the arcum 
stances However, a significant number noted 
cessation of sweat just previous to the onset of 
heat stroke Seventeen patients noted and volun- 
teered the information that they ceased sweating 
at this time. None of the patients gave a history 
of excessive sweating at the onset. 

Clinical inanifestahons 

Observations during the acute attack The 
more important clinical manifestations which were 
observed in this study are tabulated in Table II 
Since the syndrome of heat stroke has been fre- 
quently described (8 12, 20, 21), we shall limit 
this report largely to those manifestations which 
we believe to have a bearing on the mechanism of 
this condition or about which there is some con- 
fusion 

The most outstanding findings in this group of 
patients \vere an abnormally high body tempera- 


ture, coma, and a dry skin Depending on the 
body temperature, these patients could be divided 
into 2 distinct groups Nme of the patients had 
temperatures of 106® F or less These patients 
were consaous and did not appear to be extremely 
ill The remaimng 35 patients had temperatures 
ranffuig from 1068 to 112® F, were either un- 
conscious or stuporous, and were classified as 
being severely ill The distnbubon of the tem- 
peratures is shown graphically in Figure 1 
The absence of srveat was a finding common to 
all 44 patients and was the most characteristic 
feature. The skin was very hot, dry, and flushed 
In 23 patients a characteristic maculopapular skin 
rash was present over the bodj being most 
marked over the chest, abdomen, and back. This 
eruption was fiery red m color and in many areas 
was purpunc On adnussion most of the more 
severely affected patients who were in coma 
showed other evidence of a depressed nervous 
system, the muscles were flacad, respirations 
were rapid and deep, tendon reflexes were dimin- 
ished, and the patients were mcontment of feces 
The 9 patients less severely affected presented no 
abnormal neurological findings except that several 
were mentally confused Respirations were in 
creased in rate and depth but were not labored 
Because both cardiac and peripheral arculatory 
failure have been described as charactenstic fea- 
tures of heat stroke and also have been held re 
sponsible for this condition, we shall desenbe m 
more detail the changes which were observed in 
the cardiovascular system These findings are 
listed m Tables II and III In no instance was 
there evidence of definite congestive failure, as pe- 
npheral edema, venous engorgement, and orthop- 
nea were absent The more severely affected pa- 
tients showed evidence of increased bronchial 
secretion in that large bronchial and tracheal rales 
could be heard However, parenchymal basaf 
rales were present to a significant degree in only 
7 patients, most of whom had a previous history 
of mild congestive failure Pulmonary edema 
was evident in only 1 obviously moribund patient 
The absence of a sigmficant degree of congestive 
failure was further evident m those patients 
studied more extensively (Table III) m whom 
venous pressure and arterial oxygen saturation 
were relatively normal Furthermore, it is sig- 
nificant that with the exception of basal rales, 
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The \cnous pressure of 12 of the more se\erel} 
ill patients ranged from 2 0 to 12 cm saline, in 
most instances being at the upper limits of normal 
The skm ^"as hot and h}'pcremic The difference 
in OX) gen content between the femoral artenal 
and \cnous blood ranged from 3 1 to 10 5 \olumes 
per cent m 6 patients, the a\erage being 6 4 
Tlicse figures do not indicate a great retardation 
in pcnpheral blood flow when one considers the 
greatly increased tissue metabolism ^vhich must 
be present ^^lth such a high body temperature 
In the absence of congestive failure, the presence 
of a rapid full pulse, high pulse pressure, hy- 
peremic skin without c}'anosis, and a high normal 
venous pressure m the majority of patients sug- 
gests that in most instances the peripheral blood 
flow rather than being decreased was actually 
considerably faster than normal 

Obserz^aftotjs foUounng reduction in body tern- 
perofure TwenU-five of the more severely af- 
fected patients were immersed m ice water im- 
mcdiatcl) after admission, thereb) causing a rapid 
reduction in the body temperature and a dramatic 
change m the clinical appearance as the falling 
temperature reached 107 to 106° F At this 
point the patients, who were prcMously flaccid 
and unconscious, became rigid and struggled so 
Molcnth that considerable effort was necessary to 
prc\cnt tbcir escaping from the tub or injuring 
thcm‘^cl\cs Sc\eral of the patients regained 
consciousness at this point and man) others mut- 
tered incoherent!) Goose-flesh appeared o\er 
the Sim The patients were rcmo^cd from the 
tub when their temperatures had reached 102 5 to 
99° r The observations noted at this time arc 
h*^tcd m Table III Tlicre w*as a striking de- 
crease in the respirator) rate and pulse rate The 
blood prc5«^ure approached a more normal le\cl 
in mo'^t instance^, namch, the pulse pressure be- 
came Ic'^s and the S)stolic pressure fell The 
blood pressure aFo approached normal m se\eral 
of the patients in whom it had pre\iousl) been 
low The ma]on^.^ of the se\crcl\ ill patients 
rema ned dchnoas and required restraint for 
4 to 12 hours af*cr be ng ccM^^cd One pa- 
t cjl cequen 1 % developed dclinum tremens 
“rd 2 pa rcm’^ined in coTa unMl death su- 
The tempt ^*ure remn ned unstable 
•c’' 3 12 d-’ ^ rarepng from 97 to 103° 

r clc^T ed The majonw of 


the patients did not sweat until sctcral da)s after 
admission In 2 patients sweating was obscnctl 
to occur simultaneous!) wnth the return of the 
temperature to normal 

The ehemistry of the blood 

Blood concc7i/ra/i(7;i In Table III arc tabu- 
lated \alues for protein, hemoglobin, and cell 
\olume percentage In most instances the scrum 
protein and hematocrit ^alues were greater than 
the control values of samples obtained after clin- 
ical reco\ery and indicate that hemoconccntration 
was present (Table III) The degree of blood 
concentration was much less than tliat reported b) 
Talbott et al (6) m patients with se\crc heat 
cramps who, in contrast wnth our patients, were 
conscious and had normal body temperature It 
IS of interest that in 7 instances blood samples 
taken from patients immediately after therapeutic 
reduction in temperature show ed c\ idcncc of 
greater concentration than on admission, in spite 
of the fact that the patient's condition had im- 
proved greatly 

In 8 cases albumin was determined, and in all 
8 there w^as no evidence of the high globulin, low 
albumin ratio reported for heat cramps More- 
over, the high level of albumin in those patients 
with the high total protein level is much greater 
evidence for a concentrated blood owing to loss 
of fluid than is the total protein level alone 
Sodium and chloride concentration in the scrum 
In Table III are included the values for chloride 
level m serum from IS patients and for sodium 
in 7 patients It is at once cvndcnt that the 
chlondc level on admission v^nes to both sides 
of the normal \^Iues of 98 to 108 m cq per liter 
(557 to 632 mgm per cent sodium chloride) 

In onl) 1 case (Case 26) was the chloride at the 
extrcmel) low level found bv Talbott and others 
in severe heat cramps and in onl) 3 other cases 
V' as the clilonde level belov the round figure of 
96 m cq In 3 patients the chlorides were much 
above the normal level Of these, the high v'alues 
in Cases 27 and 28 v ere possibl) due to concen- 
tration of blood serum as evidenced bv the high 
protein level There is no evidence of such con- 
centration in Ca^e 11 vTiich is unusual in that 
the chlondc level on admission v*as high v ithou* 
elev'anon cither of albumin or to*a! protein, al- 
though there was evidence of a concentration of 
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hemoglobin After the imtial tubbmg, although 
It IS evident from the protein and hemoglobm 
values that there was a concentration of blood 
and serum, the chloride fell 
In the 1 case (Case 26) in wluch the chlonde 
was already extremely low, both the chlonde and 
sodium concentration rose dunng the half-hour 
of tubbing 

The sodium values ran fairly parallel wth the 
chlondes Potassium >vas determined in only two 
cases Case 10, 3 52 pm = 3 8 m eq , and 
Case 32, 8 30 a m = 22 m eq 
All these values, taken together, make it ap 
pear to us that the situation with regard to the 
electrolytes in this type of heat stroke is entirely 
different from that of heat cramps, and that in 
the present case the changes in electrolytes are 
coinadental rather tlian causative 

The acid base balance The total carbon di- 
oxide content of both femoral artenal and venous 
blood was definitely low, although in no case was 
the alkali reserve lowered sufficiently to account 
for the coma Immediately after the initial tub- 
bing and reduction of body temperature m 5 
cases there was httle change m carbon dioxide 
content, in 3 there was a further defimte decrease 
of 4 to 5 volumes per cent carbon dioxide in spite 
of marked clinical improvement (Note that 
these values are for whole blood wluch is always 
lower than serum ) Two patients m whom an 
increased blood concentration occurred coma- 
dentally with coolmg likewise developed a more 
severe aadosis Since the reduction in body tem- 
perature w'as accompamed by considerable mus- 
cular exercise incident to struggling tlie increased 
oxygen debt and lactic aad accumulation caused 
thereby may account for this lowenng 

Unfortunately, deterxmnations of pH and lactic 
aad were not obtamed in this study, but analysis 
of the data furnished a fairly clear picture of 
the aad base condition There is no consistent 
shift of chlonde m relation to serum protan, 
blood carbon dioxide content, or total sodium 
which would indicate an important alteration in 
the total electrolyte balance The vanations m 
total carbon dioxide content are well outside the 
possible changes that might be a result of the al- 
teration in blood temperature (35) or to overven- 
tilation We conclude, therefore, that the aadosis 
is due to the accumulation of non volatile meta- 


bolic aads, probably lactic and that it is secondary 
to the high body temperature. This mterpretation 
IS in agreement with the work of Hall and Wake- 
field (36), who produced hyperpyrexia m dogs 
and found a great increase m the lactic aad and 
reduction of tlie pH of the blood 

Oxygen content The oxygen content of the 
artenal blood m 7 patients at the time of admis- 
sion ranged from 13 5 to 17S volumes per cent 
and averaged 165 volumes per cent The aver- 
age artenal oxygen content of blood obtamed 
from the same patients at the tune of discharge 
was 16 7 volumes per cent The oxygen content 
of blood obtained from the femoral van vaned 
from 72 to 13 0 volumes per cent The arteno- 
venous oxygen difference vaned greatly, as Table 
III mdicates Because the tissue metabolism is 
probably greatly mcreased m this condition and 
IS probably subject to great changes under the con- 
ditions of these studies the A-V oxygen differ- 
ence can not be used to estimate the relative blood 
flow in the leg It is of interest, however, that 
the artenal oxygen content was approximately 
normal m these patients 

Other blood pndnigs The dotting time was 
normal in 5 of the severdy affected patients whose 
skm rash -was purpunc m nature No mcreased 
tendeniy to bleed from skin puncture wounds was 
noted 

Urine chlonde concentration The concentra 
bons of urinary chlonde m admission speamens 
were 35 and 45 m eq for Cases 43 and 44 
These values are low but not as low as those 
found by Talbott in heat crariips 

Treatment 

Cold sheets and fans The use of cold sheets 
and fans to faahtate evaporation and thus to 
lower the body temperature has been advocated 
by many wnters (13, 20 24, 37) Ten patients 
^ve^e treated by this method Of these patients, 

8 were dassified as mild cases m that they were 
consaous and had temperatures bdow 105® F , 
and as a result of this treatment the temperature 
of each gradually fdl and the 8 patients recovered 
The result of this form of treatment in Cases 3 
and 37 who were in coma and had greatly elevated 
temperatures, I^’as not satisfactory in that the 
procedure failed to lower the body temperature 
and both patients died 
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Icc 'tcatcr tubbing Tuent}-fi\c patients, all 
classified as sc\crcl} ill, were subjected to this 
form of treatment The bod} temperature ^^-as 
reduced to belo\\ 102° F m from 9 to 40 min- 
utes The method pro\cd to be \cr\ cftccti\e in 
lowering the bod} temperature rapid!} and w^s 
not associated with an} untoward effects except 
in I patient, whose temperature fell to 99° F 
before he was rcmo\cd from the tub The tem- 
perature of this patient subsequently fell to 96° 
F and he dc\ eloped arculatory collapse Al- 
though hot blankets cffectuall} cle\’atcd the tem- 
perature, the patient subsequently died Quite 
po^sibl} sudi excessive cooling contnbuted to his 
death 

Of the 25 patients treated m this manner 8 
died, a mortality rate of 32 per cent, which seems 
low considenng the fact that all 25 patients were 
‘:e\crcl} ill 

General measures After adequate reduction 
in bod} temperature, the patients were watched 
carefuIK for unusual changes m body tempera- 
ture, and ice packs, wet sheets with fans, or hot 
water bottles were applied until the temperature 
liecame stabilized 

riuids a\craging a total of 4000 cc per da} 
and «:odium chlondc a\eraging 16 grams per day 
vere gi\cn b} moutli to those patients who were 
sufhcicnil} rational to dnnk and b} the subcu- 
taneous and intra\enous routes to the others 
riuids and salt were withheld from 2 of the more 
<c\LrcK ill patients until the} were able to take 
them In mouth a period of approximate!} 6 hours 
n c adinmi'^tration of fluids and salt had no 
ob\iou-v influence on the course of these patients' 
illnesses The 2 from whom fluids were with- 
1 Jd reco\tred, and their clinical course was no 
duTc'tril from that of the other patients One 
t\ eh ill patient (Case 31) was gi\cn 2000 
cc of odd ph\ ‘biological ^hne mtni\cnoud} as 
’a! f't.a'ment This p’^oecdure did not lower 
p e IwH ti.^npemlurc artcr 30 minutes, and the 
j a rr - 71 ca h 0 ol One patient was sub- 
jtc ci 'vT on end pm pp 1 \ died 

j ^ O* 44 patient^ adm tted to the 
^ "I 17 3"^ ^ dad Of tie 39 

pn 1 ' e M ‘•'g gn to cb am some 

^ ^ ^ ^ 12 r - 33 pe- ce^i, d ^d Tl e 

--- V - ly: go: I n pa^^ents 


who were conscious and had temperatures below 
107° F , since none of these died 

Pathological findings Postmortem examina- 
tions were performed on 12 patients The find- 
ings were of interest chiefl\ m that the majont\ 
of patients showed caadence of degcncratuc aais- 
cular disease Bronchopneumonia was thought 
to ha\e caused death in 2 eases The others ap- 
peared to have died of heat stroke, as no ana- 
tomical cause for death could be found Tlic 
postmortem studies added no information to the 
patliolog}'- of heat stroke other than that ahead} 
described (38) 

DISCUSSION 

The pnmar}^ cause of the breakdown in the 
heat regulator} mechanism during exposure to 
high enaironmental temperatures has long been 
a controversial subject The a^anous mechanisms 
which the body has for dissipation of heat arc well 
known The mechanisms which dissipate the 
major portion of heat are first, radiation, conduc- 
tion, and convection from the skin, and second, 
ea^poration from the skin and, to some extent, 
through expired air The first mechanism pla}S 
a major role in heat dissipation under normal 
conditions of body heat production when the en- 
vironmental temperature is below that of the bod} 
The second mechanism becomes the most impor- 
tant factor under the enanronmcntal conditions of 
this study where the atmosphcnc temperature 
approached or exceeded that of the bod} Under 
such conditions as those found during the heat 
wa\cs of 1936, it is ob\ious that httic heat can 
be dissipated b} means of radiation and that the 
major portion must be lost through the process of 
e\’aporation That the bod} can tolerate ex- 
treme!} high en^^^onmcntal temperatures for a 
short penod of time is borne out b} in\cstigation 
of conditions in %’anous occupations sudi as tho?c 
of steel V orkers (39) and stokers (40) It is 
important tliat such workers h\c in a considcrab!} 
cooler en\Tronment in between such daiU ex- 
posures, V hen presumabl} the bod} has a clnn^'c 
to compensate fo’* the temporary o\eractnit'V of 
Its heat dis'^ipation mechanisms Under such ex- 
treme conditions heat cramps ma} be prc^alen* 
unlc'^s rreasK^rcs arc talcn to replace the cldondc^ 
and w*ater Ids' m the s\ cat 
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Our findings suggest that the cumulative effect 
of prolonged exposure to high temperatures is the 
important factor m the etiology of heat stroke m 
our patients The patients did not develop heat 
stroke imtil the tliird day of the heat wave, and 
witli the exception of 1 day the inadence of daily 
admissions rose steadily until the heat wave was 
over This latent penod lias been repeatedly 
mentioned in the literature^ As indicated m 
Table I, the apparent reason for the lack of ad- 
missions on this one da> was a sudden drop in 
temperature which accompanied a rainstorm On 
the other days the offiaal temperature remained 
very high, not only throughout the day but also 
through most of the mght The fact that the 
offiaal mean temperature was 2° F higher m the 
downto\vn section of the aty tlian m the outlying 
Chfton distnct may be related to the observation 
that 91 per cent of our patients resided in densely 
settled regions Furthermore, considering thar 
environment, it is reasonable to assume that tlie 
majonty of the patients studied were exposed to 
considerably greater temperatures tliroughout the 
night than tlie offiaal report would indicate The 
relatively low humidity present ynth these heat 
waves when tlie wet bulb temperature never ex- 
ceeded 76° F , and also the lack of excessive 
sweating and of premonitory s 3 miptoms, such as 
occurs in experiments earned out m atmospheres 
of high humidity, are facts which suggest that 
humidity did not play an important role m the 
production of heat stroke m these patients 
Therefore, as far as the weather is concerned, 
the most important factor m this study was the 
exposure of patients to excessively high tem- 
peratures over a prolonged penod 
Our results mdicate a definite relationship be- 
tween a sudden alteration in the s\veating mech 
amsm and high or unstable body temperature 
In most instances cessation of sweat occurred 
acutely just preceding the actual heat stroke, 
Smee most of the patients collapsed dunng pe 
nods when the environmental temperature ex- 
ceeded that of the body, it is to be expected that 
the body temperature should have nsen when 
sweating ceased The observation that on admis- 
sion none of tlie patients showed evidence of 
sweatmg and that the temperature of several pa- 
tients remained unstable until sweating returned 
corroborates the history with regard to tlie im- 


portance of sweating The exact mcclianism 
which brought about the sudden cessation of 
sweatmg m these patients is not clear It has 
been suggested that the sweat glands become 
fatigued because of overwork or because of de- 
hydration or low body chlonde According to 
the history of these patients, they had perspired 
no more tlian usual during the days preceding 
thar collapse, and as a group they had lost httlc 
or no excess of fluids or chlondes by other ways 
Although blood studies mdicated the presence of 
moderate dehydration, it was of much less extent 
than that seen in other conditions, such as heat 
cramps where sweating is profuse but m whicli 
there is no alteration in temperature Likewise, 
the relatively normal blood chlondes which we 
found to be present did not indicate excessive loss 
through the sweat, nor was the degree of sweat- 
ing or the clinical course stnkingly mfluenced in 
these patients by tlie admmistration of sodium 
chlonde or flmds 

Failure of the circulation lias also been held to 
be a preapitating factor m the breakdown of heat 
regulation In those patients whose collapse was 
preceded by symptoms of heat exhaustion such 
as dizziness, weakness and faintmg attacks, it 
might be argued that a defiaent peripheral ar- 
culation did exist while blood was pooled in the 
penphery However, an appreaablc number of 
patients had no premomtory symptoms whatso- 
ever, and, of more importance, the usual case of 
heat stroke showed no evidence of arculatory or 
of defimte cardiac failure even when there was a 
preexisting history of cardiac symptoms and ob- 
jective evidence of orgamc heart disease. Thus, 
although it IS quite reasonable to assume that a 
high body temperature may be brought about 
through the failure of a defiaent penpheral ar- 
culation to bnng heat to the surface — and such 
has been shown to occur to a slight degree m 
cardiac failure (41) — the suddenness of onset 
and the lack of evidence of defiaent arculation in 
our patients precludes this mechanism as bang an 
important factor 

Besides environmental conditions, the most out- 
standmg predisposing causes for the development 
of heat stroke m this group of patients were old 
age and the degenerative diseases which com- 
monly accompany senility Since the majority of 
these patients were not engaged in activities which 
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would increase their bodj heat production, and 
since there is e\idencc that such elderly patients 
ha\c a decreased tissue metabolism rather than 
an increased one, it is probable that excessive heat 
production is not a factor, but that their mech- 
anism for heat dissipation is less effective than 
that of more normal individuals and can not com- 
pensate for as long a time when the person is 
exposed to a high en\TronmentaI temperature 
The onl} other predisposing factor of great 
importance was the association of the ingestion 
of alcoholic be\crages with the onset of heat 
stroke Inasmuch as many of these patients were 
not chronic alcoholic addicts and ga\e no history 
of poor diet, and since the onset of heat stroke 
was closci} related in time to the ingestion of 
alcohol, It seems probable that the heat stroke in 
such patients w^ precipitated by the effect of 
alcohol Itself rather than b> such secondarj^ fac- 
tors as malnutrition and Mtamin deficiency, which 
arc frequenti} assoaated with chronic alcoholism 
,\lcohol IS knowm to depress vasomotor reflexes 
(42, 43), and to produce dilatation of the per- 
iphcirl \csscls (39, 43, 44, 45), thus increasing 
the loss of heat from the bodj and resulting m a 
fall in bodj temperature The fall in bod> tem- 
perature Jns occurred, howe\er, under conditions 
where the cnMronmental temperature was lower 
than that of the bod} Con\ersel}, in an enMron- 
mcntal temperature higher than the body, these 
same effects would serve rather to promote ab- 
sorption of heat and thus add to the burden of 
dissipating heat through c\aporation This rea- 
soning IS borne out b} the work of Barbour and 
Bounic (45) who showed that ether, which acts 
similanh to alcohol, causes dogs to become poi- 
kilothcmiic It has also been showm that alcohol 
stimulates the sweating mechanism through its 
central action (46) WTiethcr or not such an 
added stimulus to an alread} o\ervvorked sweat- 
mz mechanism might be in part responsible for 
ns f'^dure remains to be demonstrated 

Our observations suggest that the clinical find- 
irt^i a^d chemical changes m the blood are the 
-tv il oi ra I c- than the cause of the high bod) 
:t r'^ra u-c The dramatic improvement in 
5 -rut 4 S iollov irg the roduaion of tern- 
{>c-a L-t odier t-eatment and without 

c rrden ch m tht b’ood chcmistrj suggeSiS 
aa the is rtr’a^cd doseh to the high tem- 


perature Likewase, the respirator) rate de- 
creased markedl) without change in the carbon 
dioxide content of the blood, again suggesting that 
the increased respirations are due in part to high 
temperature and not altogether to acidosis The 
moderate degree of blood concentration likewise 
did not appear to be an important factor in the 
svmptomatolog) or etiolog) of the condition, as 
much more marked deh)dration and blood con-'^ 
centration may occur without any of the S)Tnp- 
toms of heat stroke The sodium and chloride 
level of the blood in these patients was not sig- 
nificantly altered and these findings, together with 
the lack of evidence of excessive chloride loss 
previously, tlie presence of chloride in the urine, 
and the lack of effect of chloride administration 
on the clinical course, all serve to eliminate low' 
sodium chlonde concentration as an important 
factor m heat stroke Normal blood chlorides in 
heat stroke have also been reported recently b) 
Heilman and Montgomery (47) 

Our observations are in agreement with those 
of most observers that in heat stroke the most 
important therapeutic measure is to lower the 
body temperature promptly ahA-to matnt'tm it at 
an approximately normal figure In those pa- 
tients who are consaous and have temperatures 
below 106° F, the temperature may be lowered 
best by mild measures, such as wet sheets and fans 
or ice packs In the severely affected patients, 
how^ever, such measures did not lower the tem- 
perature effectively in our hands, and immersion 
of the patients in ice water was the most efficient 
method Vigorous massage of the skin is of im- 
portance in any type of h)drotherapy Since the 
patients are moderately deh)dratcd, administra- 
tion of fluids is indicated but is of secondary im- 
portance We found no indication for the 
routine use of cardiac and arculatorj’’ ** stimu- 
lants " 

Since certain theoretical objections have been 
raised m regard to the form of h)drothcrapy 
which should be used m this condition, the subject 
deserves further comment Water spravs to the 
bod) and fans to facilitate evaporation have been 
advocated as being preferable to immersion m ice 
w^tcr because evaporation of a gram of v atcr 
vnll remove 590 calones, while the melting of a 
gram of icc v ill remove onl) SO calorics, and fur- 
ther, tliat immersion of the bodv m icc water 
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not only a shocking procedure but also will di- 
minish the blood flow to the skin (13, 20, 37) 
The argument that evaporation of water on tlie 
skin IS more efflaent in removing heat than im 
mersion in ice 'water does not agree with our 
clinical results nor is it tenable on theoretical 
grounds when an abundance of ice is available 
Furthermore, the immersion in ice water of pa- 
tients having body temperatures above 106° F 
did not produce shock nor did we observe any 
pallor of the skin or other signs which indicated 
a decrease in blood flow to the skin 

In conclusion it may be well to define what we 
consider the syndrome of heat stroke to be It 
is our feeling that moderate elevation of the body 
temperature as the result of exposure to heat is 
m Itself not sufficient evidence on which to make 
the diagnosis of heat stroke The elevation in 
body temperature must be accompamed by evi- 
dence of a deranged heat regulatory mechanism 
such as the absence or diminution of sweat, 
faflure of the body temperature to approach a 
normal level promptly when the patient is re- 
moved to a cooler environment and subsequent 
instabihty of the body temperature. This de- 
rangement of the heat regulatory mechamsm is 
usually brought about as the result of exposure 
of an especially susceptible group of individuals 
to a high environmental temperature for several 
days The high body temperature, which usually 
develops in dramatic fashion is the chief cause 
of the typical climcal mamfestations Profound 
abnormahties of the peripheral arculation or of 
the aad base or water balance although rarely 
encountered in our patients might well occur in 
patients with heat stroke who, as a result of ex- 
posure to a hot moist atmosphere, had sweat pro- 
fusely, or in whom vomiting or diarrhea had been 
a prominent feature Our studies suggest also 
that similar abnormalities may result if the period 
of hyperpyrexia is prolonged 

SUMMARY 

1 Studies on 44 patients suffering from heat 
stroke are presented 

2 Cardiac failure or peripheral circulatory col- 
lapse was not evident m the majonty of patients 

3 The sodium chlonde content of the blood 
was not Bigmficantlj altered 


4 The condition was associated with a mod- 
erate aadosis and hemoconcentration 

5 The high body temperature appeared to be 
the chief cause of the symptoms of heat stroke, 

6 Old age, degenerative disease, and acute al- 
coholism are important contributing factors in 
heat stroke. 

7 The onset 'was precipitated by a diminution 
or cessation of sweat in the majonty of patients 

8 Although the primary cause for the sudden 
cessation of sweat has not been determined it 
would appear from these studies that loss of 
chlorides, dehydration, and arculatory failure 
'rtere not responsible 

9 Measures to lower the body temperature 
promptly are indicated, in our Iiands ice water 
tubbmg 'With massage was the most effecbve 
method in severe cases 
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In exploring the normal and abnormal function 
of the kidney it is desirable to possess, m addition 
to knowledge of the filtration rate, knowledge of 
the total mass of functional renal tissue and the 
rate of blood flow to this tissue In theory, both 
data can be determmed by the clearance method 
and procedures suitable for these purposes and 
applicable to man are presented in this paper with 
the more important physiological considerations 
upon which these procedures are based. The 
principles involved in the measurement of the 
filtration rate and the experimental basis war- 
ranting the use of the inulin clearance for this 
purpose have been reviewed elsewhere (13, 14), 
and the present discussion will be confined to a 
descnption of methods for its routine determina- 
tion and to the presentation of data on the simul- 
taneous muhn and phenol red clearances m 25 
normal subjects 

Tubular excretory utass 

Recent investigations have shown that the 
process of tubular excretion in the lower verte- 
brates is limited by the circumstance that a given 
mass of renal tissue can transport from blood to 
unne only a fixed, maximal quantity of a par- 
ticular solute per unit time (12, 14) It will be 
shown here that this same limitation apphes to 
the tubular excretion of at least certain substances 
in man The measurement of this maximal rate 
of excretion for any one substance constitutes, 
therefore, a measurement of what we may call 
the “ tubular excretory mass * of the kidneys 

The measurement of this tubular excretory 
mass may be approached by a brief discussion of 
the excretion of phenol red, diodrast and hippuran 
in man, as illustrated m Figures 1 2 and 3 
These data are taken from observations m which 
the simultaneous inulm, phenol red, and diodrast 
or hippuran clearances were determined in nor- 


mal individuals in whom the plasma concentration 
of muhn and of one other of these solutes was 
mamtamed at a low, constant level, while the 
concentration of the third solute was raised to a 
high level (Details concemmg the composition 
of the mfusions and their administration are 
given m the protocols Smee these clearances 
are aU essentially mdependent of the rate of unne 
flow no detailed reference need be made to this 
factor m the following discussion ) 

The data represented by the circles in Figures 
1 to 3 will be discussed later in the paper , for the 




PLASMA PHENOL RED MCM. PER CENT 

Fio, 1 Emcr or Elevated Plasua Concenteation 
OF Phenol Red on the SelT'CLEAeanck (dots) and on 
THE Diodrast Cleajiance (orclks) all Clearances 
BEING Expressed in Terms of the Average of Two 
Control Periods at Low Plasma Levels or Phenol 
Red 

The control clearances were mulra = 153 phenol red 
= 456 diodrast = 931 cc. per minute. Observations were 
made on a falling plasma phenol red curve after the 
iniecUon of a single large dose and corrected for delay- 
time, The triangles show the rate of tubular excretion 
of phenol red (mgni, per minute) the ordmates having 
the values shown outside the frame, T*» Is the maximal 
rate of tubular accretion. The short arrow at the nght 
indicates the numraal (filtration) clearance of phenol red. 
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Fig 2 (ixrr) a\d Fig 3 (right) Effect of Elevated Plasma Concentrations of Diodrast and Hip- 
rbP^N (Born Expressed as Iodine) on the Self-clearance (dots) ant? on the Phenol Red Clearancf 
(apcLEs) ALL Clearances being Expre'^sed in Terms of the Average of Three Control Periods at Low 
rL.\^^!A Levels of the Iodine Compounds 

The control clcaninccs were (left) inulin = 153, phenol red = 630, diodrast = 867 cc, per minute, (right) 
inulin = 161 phenol red = 545, hippuran = 803 cc per minute. The observations on diodrast were made on a 
filling plasma curve after the injection of a large dose of diodrast, those on hippuran were made on a rising 
ph<ma curve during the infusion of i strong hippuran solution Both sets of data corrected for dch> time. 

The triangles «how the rale of tubular cxcrcbon of the iodine compounds (mgm. iodine per minute) Below 

about 5 mgm per cent of diodmst- or hippuran -iodine, the rate of tubular excretion of these substances, T, in- 

crca'^cs m direct proportion to the plasma concentration, m this range, therefore, the clearances arc independent 
of the ph«ma le\cl Since the diodrast clearance is cssentiall> complete, it afTords a measure of the renal blood 
flow 

\t higher pliMna le%cls the rate of tubular excretion approaches a maximal \’alue, Tm This maximal rate 
of phv biological intcrcbl «^incc it independent of glomerular actnit> and renal blood flow, and is propor- 

1 ^ral to the number or mis*; of normal, active excretory tubules Tm is therefore an index of the tubular cxcrc- 

to-\ ma'*; of the kidncv*^ 


riomcrt the render referred to the data repre- 
«^cntcd In the solid dots and tnangles Reference 
to Figure 1 ’^hov s that as the phsma concentra- 
t’on oi phcrol red ra!cc<l the phenol red clear- 
n dc^ Smilarh, the diodrast and 

'’re denre-^ed In the elc\ation 
ct lit k\els oi the^e solutes 

(Figure- 2 '’od 3) Thi« c^lf-dep’*C5sion of 
c ' \\ eh fa- rated fo** 

p' tr'cl reu '*' nan 1 G^Mn g Qa’^ke and 
S*' ^ (?) a^i d ’'d'a-* a^'d hippuran ir the 


dog b> Elsom, Bott, and Shiels (4), is owing to 
the fact that, in man, as in the other vertebrates, 
the rate of tubular excretion has an upper limit 
The rate of tubular excretion, which is shown m 
the figures b\ the solid triangles, and which we 
designate as T, is given b} the dififcrcncc lietv cen 
the total excretion per minute, UV, and the qtnn- 
titv excreted b> filtration c , 

T = UV - PJWF = j - TI'f) pi. 


tubular excretory mass in human kidney 
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where U is the concentration of solute per cc, of 
unne, V the rate of unne formation in cc, per 
minute, P the quantity of solute in each cc. of 
plasma, / the concurrent rate of glomerular fil- 
tration as measured by the simultaneous plasma 
muhn clearance, X the plasma clearance of the 
solute under investigation, W the fraction of 
water m the plasma and F the fraction of solute 
which IS free m the plasma and therefore avail- 
able for filtration In this calculation, reference 
IS made to the data on the bmding of phenol red 
hippuran, and diodrast by plasma proteins re- 
ported by Smith and Smith (17) 

At low concentrations of solute, T mcreases 
closely in proportion to plasma concentration, it 
follows that m this range the clearance has a 
maximal value and is independent of plasma con 
centration, as shown by the early honzontal por- 
tion of the clearance curve at the left of the ver- 
tical dotted arrows But as the plasma concen- 
tration increases, more and more of the solute is 
dehvered to the tubules per umt time and T ap- 
proaches its maximal value, m consequence of 
this fact an ever decreasing fraction of the total 
solute m the blood is removed by tubular activity 
and the clearance, as calculated on the total out- 
put in the urine, falls and approaches the filtration 
rate as a lower limiting value. 

The maximal rate of tubular excretion we 
designate as T* We may say that the tubules of 
Subject F S are capable of excreting a maximum 
of 35B mgm of phenol red, and that the renal 
tubules of Subject R D are capable of excreting a 
maximum of 80 mgm of diodrast lodme (= 161 
mgm of diodrast) or 80 mgm of hippuran lodme 
(= 206 mgm of hippuran) per minute when sup- 
phed with an abundance of any one of these 
solutes These values of correspond to 0 10, 
032, and 0 63 mM per mmute of phenol red, 
diodrast, and hippuran, respectively In three 
normal subjects hippuran-T«, averages 76, and 
in five normal subjects diodrast-T» averages 58 
mgm lodme per mmute per 173 sq m 

The datum Tm is independent of the plasma 
concentration of solute so long as that concentra- 
tion IS adequate at the existing blood flow to 
supply a suffiaent quantity of solute per umt time 
to mamtam the maximal rate of excretion, and 
It IS likewise entirely mdependent of the renal 
blood flow so long as that blood flow is adequate. 


at the existing plasma concentration, to mamtam 
this maximal rate of excretion It is also en- 
tirely independent of glomerular activity If one 
of the kidneys were removed, would neces- 
sarily be cut in half , if part of the excretory tis 
sue were destroyed by disease, whether this 
destruction consisted of local injury of the tubule 
cells or obbteration of the arculation so that blood 
no longer reached normal tubules, would be 
reduced m proportion to the extent of this de- 
struction If, on the other hand, the glomeruli 
were to be entirely obbterated without impairment 
of the arculation to the tubules or injury of the 
tubule cells, Tm would remain at its normal value. 
The maxmial rate of tubular excretion can be 
measured just as w^ in the aglomerular as m the 
glomerular kidney, and by appropriate standardi- 
zation It can be expressed as equivalent grams of 
normal renal tubular tissue (Smcc these sub- 
stances are probably excreted by the proximal 
segment only, Tm is probably an expression of the 
development and mtegnty of proximal tubular 
tissue.) 

It IS recogmzed that tubular activity la mam- 
fold and consists not only of the excretion of 
>vaste products and foreign substances (crea- 
tinine, phenol red, diodrast, etc,), but includes 
chemical transformations (formation of am- 
monia, hippunc aad, etc ) and reabsorptive proc- 
esses (water, glucose, chlonde, etc.) , but it may 
be assumed that if the mtegnty of a particular 
tubule cell is so impaired that it can no longer 
carry on its normal excretory operations, other 
operations earned on by that cell wU also be im- 
paired This question is subject to experimental 
mvestigation since it should be possible to detcr- 
mme whether the capaaty to excrete these vanous 
substances is impaired differentially dunng tlie 
course of disease, or whether the excretory capa- 
aty IS impaired pan passu with other physio- 
logical functions, such as the capacity to reabsorb 
water, glucose, or other substances Until such 
differentiation is made we may proceed under the 
cxphatly stated premise that all tubular functions, 
espeaally those related to tubular excretion, will 
vary in a closely parallel m a nn er In this view 
we speak of Tm, the ‘‘tubular excretory mass" 
measured by any suitable substance, as an index 
of the residual quantity of functional, tubular 
tissue. ^ 
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Lfjcctiic rn ol blood flcnc 

It IS, m part, in consequence of llic fact that 
the maximal e\crelor> capacit} of the tubules 
differs for different substances that the clearances 
of these substances, as determined at low plasma 
lc\cls, ma} al'^o be different All other factors 
being equal, one might suppose that the greater 
the cxcretor} capacit} of the tubules for a gi\en 
solute the more effiacntl} will tliat solute be re- 
mo\cd from the blood as it passes through the 
kKlnc\s It IS concenablc that for a particular 
solute. A", the excrctorj capacity of the tubules 
might be so highl} dc\ eloped that all the X con- 
tained in the renal artcnal blood would be re- 
mo\ed b\ the combined actnit) of the glomeruli 
and the tubules m one circulation through the 
kidnc\ If X were neither s}Tithesized nor de- 
slro}cd In the Indnc}, and if it were concurrently 
transferred to the urine, then the clearance of X 
mu«;t in theoiy be equal to the renal blood flow 
In «ihort, the renal blood flow constitutes the 
highest po«^siblc figure which the clearance of any 
substance not smthesized b} the renal parenchyma 
can ha\c It cannot be supposed that all the 
blood entering the renal artery’’ is distributed to 
cxcrctor} tissue, and insofar as an} fraction of 
the renal artcnal blood fails to reach excretoiy 
ti^^Mic the clearance of Y wall be proportionate!} 
reduced It is therefore ad\isable to designate 
the renal blood flow as measured b} the clearance 
of Y, the **effecti\e renal blood flow,” impl}ang 
thereb\ the blood flow to actnc cxcretoi*} tissue 
1 o utilize the clearance method for mcasunng 
the cffeciUL renal blood flow the following points 
nuiNi be considered 

c T1 1 *^ub^tancc X, should be selected upon 
il l^<i^ of haMng the highest possible clearance, 
'-ircx the hlche^^ clearance mu^t approach most 
: larU tlu true blood flow 

I Tnc Y concentr-'tion of A' must be kept 
h ^ I'n It l] whirt the clearance is <ignificanth 

r It HiU- Le % hctbcr other solutes 

^ Av a^d oila’^h sub-ta^'ces which 

ed l\ t'^ie can in- 

e' \ 1 Me t Jj of X 

-- It r a-* 1 ai A' T^ cc'carrcnJ} 


(Destruction of A' b} renal tissue and the ex- 
cretion or storage of A" by an> other organ do not 
m theor} enter into the problem S}aithc 5 is b\ 
renal tissue is patent!} excluded in the case of 
foreign substances such as arc examined here ) 

The abo\e points will be considered separateh 

0 The relative magnitude of the phenol red, 
dwdrast and hippnran clearances In our search 
for substances wath high renal clearances in man 
we haae examined numerous compounds, among 
which are several sulphonphthalcin dcruaitncs 
the only one of these approaching phenol red in 
clearance ralue being anisole red ' But since the 
latter does not appear to be supenor, wc ha\c 
limited the present examination to phenol red 
Among organic iodine compounds wc ime ex- 
amined skiodan, lopax, nco-iopax, hippuran, and 
diodrast A report will be made elsewhere upon 
the first three, which haac low clearances, and 
the present discussion will be limited to the last 
two 

T}’pical hippuran and diodrast clearances, to- 
gether with simultaneous phenol red and inulin 
clearances, are given in Table I In Table II 
there are given the a\erage values of a senes of 
obscia^ations on normal individuals who were 
selected by the critena and examined under the 
basal conditions desenbed later in this paper 

It IS CMdent that both the hippuran and dio- 
drast clearances approach more nearly a complete 
clearance than docs phenol red In the absence 
of anal}1;ical methods which distinguish diodrast 
from hippuran, it is impossible to determine b} 
simultaneous obscr\^ations which substance has 
the higher clearance The a^ crage plasma or 
whole blood clearances, as well as the simultane- 
ous inulin or phenol red clearance ratios, gi'C 
diodrast a slight ad\antage, and this substance 
also has the ad\antage of being bound to a lesser 
extent b} plasma protein, an important considera- 
tion in the calculation of Tm It is possible, how- 
c\er, that our figures are slight!} elc\atcd b} a 
^'asodIlato^ action, though ve ha^c been unable 
to demonstrate this s}stcmaticall\ 

J \ preparation ina> be pn^chased und'^r this natre, 

Prof V/ M Oarle advi'^es us that the nane may be 
n'i’ead ''g s:^cc tre substance i* su"ec<*s sh^-M 

as cne of the o^d nary ; alpho'^phtcalrn - 
cav r- V c fi^'d the D^--^er<ral 1 to 

ider cal in its pHs o'c-pical t^Ha ''or va^h p^er^I red- 
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TABLE 1 

Stmuliatuwis cUarancei of tnuhn phenol red and dtodrasi 
or htppitran in normal man 
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* This column gives the elapsed time from the beginning 
of the intravenous infusion For details sec Methods- 


Landis, Elsom, Bott, and Shiels (10) state that 
neoskiodan penetrates washed human erythro- 
cytes slowly We find that hippuran and diodrast 
added to human and dog blood can be recovered 
from the plasma to the extent of 95 to 97 per cent 
within the first 30 minutes, as is the case with 
phenol red (8) This shght defiat we beheve to 
be ovnng to incomplete centrifugation during the 
dctennmation of the hematocnt, and we conclude 
that human red blood cells are for all practical 
purposes impermeable to these compounds In 
view of this fact it follows that all the phenol 
red hippuran, or diodrast excreted by the kidneya 
IS earned to these organs by the plasma, and it is 
only necessary to divide the plasma clearance by 
the per cent of plasma in whole blood to obtain 
the correspondmg whole blood clearance. 

The question of how closely the diodrast dear- 


TADLE n 

StmuUaneous deamnets of tnulm, phenol red and dtcfdrcsl 
or htppiiran tn normal rtten * 



* AU observations with constant plasma levels, as m 
Table r 

t Assuming that tbe diodrast and hippuran cleamncea are 
complete. 

t Corrected for depression of phenol red clearance ac 
cording to Figure 4 

ance approaches a complete dearance can be an- 
swered only by determining what percentage of 
diodrast is remo\ed from the renal blood, a 
measurement that requires die simultaneous anal- 
>sis of blood from the renal vcm and tlic 
temic arculation Observations of this nature 
have been made on subjects with presumably 
normal kidneys and will be reported dsewherc 
(16) For all practical purposes it appears that 
the diodrast dearance approaches dosely enough 
a complete dearance to be cxmsidered identical 
with the renal plasma flow 
b Relation of plasma coitccutratwn to rc//- 
clcarance The phenol red dearance begins to be 
sigmficantly depressed when the plasma concen- 
tration of phenol red is elevated above 1 0 mgm 
per cent (8) and, except m the observations in 
Figure 1 where the concentration was raised to a 
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hifih Ic%cl, our clearances ha\c all been determined 
within the range of 0 7 to 1 0 mgra per cent 

Xumcrou*^ observations of a similar nature to 
tho‘=c sliowm m Figures 2 and 3, and which we 
omit from this record for the sake of brc\Ttj, 
indiaiie that the diodrast and hippuran clearances 
arc not apprcciabh depressed at plasma concen- 
trations below 5 mgm per cent of iodine The 
lovcst concentration at which great accurac} for 
the analytical method can be claimed, using 5 cc 
of plasma, is 0 5 mgm per cent of iodine, hence 
tlicrc IS ample latitude in the plasma concentration 
at V hich the clearances of these substances can be 
examined 

f Simultoucous excretion of phenol red and 
wdtnc compounds When the plasma level of 
phenol red is clc\atcd, the simultaneous diodrast 
clearance is depressed, e\cn though the concentra- 
tion of diodrast m the plasma is maintained below 
the level where self-depression begins (See 
circles in Figure 1, where the diodrast clearance 
was followed at elevated plasma levels of phenol 
red ) Similarlv, elcvaition of the plasma level 
of diodra'it or hippuran depresses the simultane- 
ous^ phenol red clearance, as showai by the circles 
in Figxire^^ 2 and 3 Diodrast and hippuran have 
a i^owcrful cfTect in depressing the phenol red 
clearance, whereas phenol red has only a moderate 
clTcct m dcjirc^sing the diodrast clearance (The 
action of phenol red on the hippuran clearance 
ha<; not been examined ) Essentially the same 
depression in the phenol red clearance is obtained 
when the concentration of diodrast or hippuran is 
allowed to fall from high levels as when it is 
rising from low levels The depression of the 
phenol red clearance by diodrast is not a transient 
, when the concentration of diodrast is main- 


creted by a common tubular meclnmsrn that thev 
enter into quantitativ c competition for this nicch 
anism, and that diodrast and hippuran have a 
relatively great, and phenol red a relativ cly small, 
affinity for this mechanism No other substances 
arc known which specifically affect these clear- 
ances, and it IS probable that there is no substance 
normally present m plasma in concentrations suf- 
ficient to have an appreciable effect of this nature 
Diodrast and hippuran displace phenol red 
from its combination with plasma protein and 
thus increase the free and filtrable fraction (17) 
When the plasma concentration of either iodine 
compound is raised to a sufficient extent the 
phenol red clearance is depressed below the inulin 
clearance, and nearly dovvm to the level to be ex- 
pected on the basis of the filtration of free phenol 
red (Figures 2 and 3) This confirms the thesis 
that it is only" the free dye in the plasma that is 
available for filtration, and that the true filtration 
clearance of dye is given by the product of the 
inulm clearance and the fraction of free dye 
For sev"eral reasons it is desirable to observe the 
phenol red and lodme clearances simultaneously 
m certain experiments pertaining to renal blood 
flow, as well as m the examination of the disca’^cd 
kidney" It is therefore necessary to know the 
critical level at which the iodine compounds fir‘^t 
significantly depress the phenol red clearance 
Data on this point are given in Figure 4 In 
these observ"ations the control phenol red and in- 
ulin clearances were determined in three periods 
of about 10 minutes each, a small quantity of 
iodine compound (3 to 10 cc of solution) wns 
then injected into the infusion tubing some dis- 
tance from the needle, the injection being made 
slowly (1 cc. per minute) ^ 
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Fig 4 The Ettect or Suall Concehtbations op 
Diodrast ok HrmiKAN (Expkeseed as Iodine) upon 
THE Phenol Red Clearance, ab Revealed by Changes 
m THE Absolute Value or this Clearance or in tee 
Phenol Risj/Inulin Clearance Ratio 

In drawing the solid curve, consideration is given to 
the depression caused by higher concentrations of the 
iodine compounds as noted in such observations as those 
recorded in Figures 2 3 and 5 

From a number of observations we have se- 
lected those m which renal circulatory disturbance 
IS apparently minimal, and conclude that at 1 0 
mgm per cent of lodme, neither diodrast nor hip- 
puran depress the phenol red clearance by more 
than 5 per cent Conversely, at 1 mgiru per cent 
(see Figure 1) phenol red does not appreaably 
depress the diodrast clearance, so that simultane- 
ous clearances may be accepted as maximal for 
both substances in the normal kidney at plasma 
concentrations below these respective levels It 
would appear proper, where these clearances are 
determined simultaneously to make a correction 
on the phenol red clearance such as is indicated 
by the data of Figure 4 

d On the possibility of storage of phenol red 
etc i» the kidney It would seem that the most 
satisfactory method of examimng the possibility 
of storage m the renal parenchyma would be to 
observe the behavior of the tubules m respect to 
excretion rate at a time when the plasma concen- 


tration was rising and had never been higher than 
at the moment of observation, then, to rat^e the 
plasma concentration to higher levels, thus enabl- 
ing the tubules to take up and store the solute 
if there is any tendency for them to do so, and 
then, allowing the plasma level to fall as rapidly 
as possible, to examine the behavior of the tubules 
at the reduced plasma level agam, at a time when 
the stored matenal might be excreted m excess of 
current dehvery by the blood Goldnng, Qarke, 
and Smith (8) have reported observations of this 
type on the excretion of phenol red m man which 
show tliat this clearance has essentially the same 
value on both nsmg and fallmg curves 

Since the pubhcation of these expenments 
Elsom, Bott, and WSlker (5) have observed m 
the rabbit that the clearance of hippuran and more 
particularly of phenol red may considerably ex- 
ceed the renal blood flow as measured by tlie 
thermostromuhr method, and they have concluded 
that these substances are stored m the kidney 
This point IS of such fundamental importance, 
both in the measurement of the tubular excre- 
tory mass and the effective renal blood flow, 
that we have carefully exammed the excretion of 
both hippuran and diodrast in man for evidences 
of storage by the method onthned above How- 
ever, instead of using the hippuran and diodrast 
clearances themselves as the cntical indicator of 
storage, we have used the depression of the phenol 
red clearance, the reason for this choice being that 
the depression of the phenol red clearance is a 
much more sensitive indicator of the presence of 
hippuran or diodrast in the plasma, and therefore 
m the tubule cells, than are the self-clearances, 
a very small mcrement in the concentration of the 
iodine compounds, insuffiaent to produce apprea- 
able depression of the self-clearance, produces a 
marked depression of the phenol red clearance 
The details of these experiments are given m the 
protocols, but the general plan may be outhned 
here The plasma concentrations of muhn and 
phenol red were kept constant by suitable intra- 
venous infusions while (a) hippuran or diodrast 
was introduced into the arculation in increasing 
concentration and raised to a high level, the ad- 
ministration of the iodine compound was then 
stopped and (b) the plasma level wtis allowed to 
fall, the rate of fall being extremely rapid since 
the clearances are large. Qearances obtained m 
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He 5 (lkft) and Fig 6 (right) Observations Designed to Examine the PossiBitm 
or ST0R.\crE or Diodra‘;t or HirruRAN ix the Renal Tubules 

The light arrow's indicate the effect of diodrast (left) and hippuran (right) on the phenol 
rcd/inulin clearance ratio when the plasma concentration of the iodine compound is rising, and 
again when it is falling rapidl> The hca\'> arrows indicate these clearances corrected for a 150 
second dcH> lime The idcntit> of the ‘‘rising'* and “falling" curves when so corrected indi* 
entes that the tubule cells return to the initial equilibrium, as revealed bj the unne thc> elaborate, 
ver\ quicklj after that initial equilibrium has been disturbed b 3 exposure to high concentrations of 
dicKlmst or hippuram 

Ob'crvalions such as those m Figure 4 indicate that the phenol red clearance is depressed in in 
almost linear manner at the lower concentrabons of the iodine compounds, the elevation of the 
phenol red clearance above the expected level, ts showm in the shaded areas, is attributed to the 
accumulation of phenol red in the interstitial fluid of the kidnej This accumulation is, however, a 
negligible fraction of the total phenol red which passes through the kidnc> during the time the 
p'^enol red clearance is depressed. 


th’‘v rnnner nrc recorded bj the light arrows in 
Figure 5 and 6 During (b) the phenol red/ 
inulin clearance mMo doe^ not retrace the course 
duMPg (r), but IS di^^placcd first below and 
c^uenMv '^bove the expected course 

p;t i\x c rt^ub it must he recognized that 
a I cular sample of unne is formed from blood, 
o* tic compo'^ tion pos^cs'cd b\ the 

^ s\<*<rr'C \crous blood ^ bat of the 

* \ b — V ^ to P fc- c ci’mrce 

c:. ‘’-'t t T j* - th* r* 

Lrl tm:-* I ''tori v This 


average composition existing some seconds before 
the unne collection period This interval, which 
we ma 3 designate the “total dela^ time/' is made 
up of (1) arculation time from antccuhital vein 
to right heart to renal artcrj to capillar) plexus 
around the tubules , (2) diffusion time from cap^ 
illar) stream through interstitial fluid, (3) pene- 
tration into tubule cells, reaction vath the crcrc- 

of ntcT^o’ation is just as sabifaclory as tlia* 
rcccrmmc^dcd by and Parra f 21 ) vb^ as u 

ci<c v'lth cb ^rvalicns, the change rn P i* ex 

p rc!a*ed time. 


V 
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tory mechanism and passage across cells to tubule 
lumen, (4) dead space time, iir, the tune re- 
quired for the unne to pass down the tubules, 
through the pelvis and ureters, to enter the 
bladder By the speafied conditions of its mea- 
surement, the total delay tune must include any 
interval elapsing before the activity of the tubules 
IS readjusted to a previously existing equilibnura 
after this equilibnum has been senously dis- 
turbed, therefore, “ storage will manifest itself 
by an increase in interval 3 

The divergence between the nsmg and falling 
curves shown in Figures 5 and 6 constitutes a 
measure of the total delay time as defined above. 
In order to determine the magnitude of this total 
delay time it is only necessary to determine what 
correction must be apphed to the blood curves in 
our experiments m order to superimpose the two 
sets of data Empincally this correction is found 
m Subject T S (diodrast) to be approximately 
3 minutes, m Subject F S (hippuran), 2 min- 
utes But a large fraction of this total delay time 
IS owing to the factors enumerated above other 
than 3, these other factors we will designate as 
the "minimal excretion time,” whicli may be es- 
timated independently by determimng the mini- 
mal time required for phenol red, when mjected 
intravenously, to appear in the unne, the latter 
being collected at short intervals by syringe and 
catheter This observation was repeated 18 times 
on 10 subjects, the average mimmal excretion 
time varying from 120 seconds at a unne flow of 
20 cc per mmute to 200 seconds at a unne flow 
of 1 cc, per minute At unne flows of 6 to 2 cc 
per imnute, the mimmal excretion time averaged 
150 seconds This interval mcludes all the ele- 
ments making up the total delay time except the 
time speafically required for the tubules to arrive 
at an cqntlibnnm rate of excretion tn relation to 
a gtven plasina concentration ^ if delay resulting 
from storage is appreaable it should be evidenced 
by a difference between the minimal excretion 
time and the total delay time. Whether such a 
difference exists can be tested by correcting the 
data m the figures by tlie average minimal ex- 
cretion time of 150 seconds When so corrected, 
as shown by the heavy arrows, the phenol red 
clearances on the falling plasma iodine curve are 
identical with those on the rising curve, as indi- 
cated by the shaded area, except at the low plasma 


levels of iodine. This latter phenomenon, we 
beheve, is owing to the fact tliat dunng the time 
when the excretory capacity of the tubules for 
phenol red is greatly depressed by the presence 
of large quantities of diodrast and hippuran, free 
phenol red diffuses out of the capillanes and tends 
to accumulate m the mterstitial fluid of the kid- 
neys in a concentration greater than that present 
when excretion is proceeding normally , on hbera- 
tion of the excretory mechamsm by removal of 
the lodme compound, this excess concentration 
of phenol red is available for excretion and, as 
calculated on the systemic plasma concentration, 
the clearance rises to slightly supernormal values 
One may speak of this phenomenon as " storage ” 
of phenol red in theladney as a whole, but not 
in the renal tubules, and it is negbgible m mag- 
nitude even under the conditions of these obser- 
vations Although the phenol red clearance was 
depressed below 20 per cent of its normal value, 
the fraction of phenol red accumulating in the 
kidney was less than 2 per cent of tlie total quan- 
tity which would have been excreted had the 
clearance remained at its normal level In no 
sense can the phenomenon be mterpreted as m- 
dicatmg storage of diodrast or hippuran, which 
would depress rather than elevate the phenol red 
clearance. 

The above observations show that about 2 to 
3 minutes arc reqiured for the renal tubules to 
return to the initial equihbnum, as indicated by 
the phenol red clearance, after the plasma concen- 
tration of hippuran or diodrast has been elevated 
and allowed to fall again This interval is not 
appreaably greater than can be explained by 
physiological processes (1, 2, and 4 enumerated 
above) other than the time required for the re- 
equilibration of the excretory mechanism itself, 
and consequently it appears that the latter process 
IS extremely rapid It is concluded that hippuran 
and diodrast are not stored to a significant extent 
in the tubules dunng the process of excretion 
from low or moderate plasma levels, and in view 
of Goldnng, Clarke and Smith's (8) observa- 
tions ve may extend this conclusion to phenol 
red. This conclusion is fortified by the obser- 
vation that phenol red is transferred from the 
pcntubular fluid to the tubular lumen in a diffuse 
state, f e , without accumulation m the N'acuoles 
or granules of the tubule cell (2) 



272 


HOMER \V SMITH, WILLIAM COLORING AND HERBERT CHASIS 


It would seem appropnate, wherever either 
glomerular or tubular clearances arc determined 
on a rapidly rising or falling plasma curv'C, to 
introduce a correction for delay time by inter- 
polating the blood curve, not to the middle of the 
urine collection period, but to a point earlier by 
an appropriate interval Subsequent mention of 
the fact that data have been corrected for delay 
time means that we have deducted 150 seconds 


from the nominal middle of the urine collection 
period in this manner 

The exclusion of the possibility of storage en- 
ables us to approach the problem of measuring 
the tubular cxcrctoiy mass and the effective 
renal blood flow with greater confidence In the 
measurement of the latter, as indeed in all clear- 
ance determinations, it is desirable to maintain 
the plasma concentration of diodrast or phenol 
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Figs 7 a and b Inuun (Lower) and Phenol Red (Upper) Clearances in Normal. 
Subjects, Corrected to 1 73 sq m Surface Area 
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red at a constant level by continuous intravenous 
infusions, so that no correction need be made for 
delay time Knowing that the tubule cells re- 
equilibrate themselves within 150 seconds when 
the plasma concentration is cliangmg, we believe 
that re-equihbration will occur within the same 
interval where there are marked changes in the 
rate of renal blood flow, a arcumstance which 
might be encountered when the action of drugs, 
etc, is being studied 

/jitt/in and phenol red clearances i« nomial man 

A limited senes of observations on the inulm 
and phenol red clearances in normal man have 
been given by Shannon and Smith (13) and 
Goldnng, Qarke, and Smitli (8) Our present 
data mclude 25 volunteer, afebrile convalescent 
patients who showed no immediate evidence or 
history of circulatory or renal disease. Attention 
IS espcaally called to the methods of prepanng 
and admmistenng the intravenous infusions, the 
collection of urine, etc , described under Methods 
The concentrations of phenol red and mulin in 
the pl^ma were generally maintained at constant 
levels ranging, respectively, from 07 to 10 and 
100 to 150 mgm per cent Since these clearances 
are essentially independent of unne flow this 
datum has been omitted from the summary 
Lack of space prevents the presentation of the 
data m detail, but the pertinent features are given 
in Figures 7a and b and m Tabic HI 

The uppermost column of data in the figures 
gives the number of clearance periods and the 
vertical lines indicate the extreme high and low 
values of the inulm clearance, in each group of 
observations The average inulm clearance, cred- 
iting each subject once only, is 122 5 ff=10 7 
The shaded bands indicate a range of 2 times 
the standard deviation Physiologically it would 
appear that values fallmg within 2 X arc nor- 
mal, between 2 X o' and 3X0 suspect and out- 
side 3X0 defimtely abnormal 

Both the inulm and phenol red clearances m 
various individuals are quite constant as is dem- 
onstrated by the fact that the standard deviations 
of the average mulin and phenol red clearances 
are only 87 and 11 4 per cent of the respective 
means Except in four instances (Subjects 
D S , N B , M C and J W ) the correlation 
between the simultaneous phenol red and inulm 
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* For general methods of deterndnation see Methods, 
t Urine flow abov€ 2 0 cc, per minute 
I Based only on penods when both mulin and phenol red 
clearances were detennmed simultaneously 
6 Phenol red clearance absent m 17 penods. 

[[Phenol red clearance absent In J3 penods 
Y Phenol red clearance absent mil penods 
Phenol red clearance absent in 6 penods. 

clearances is even closer Subject D S was a 
morphine addict who showed marked withdrawal 
symptoms on a subsequent examination, and it is 
possible that there was abnormal vasomotor ac- 
tivity in the kidneys on the single expenment re- 
ported here. N othing known about Subj ects 
J W , N B , or M C would indicate renal dis- 
ease, and all four subjects have been included m 
the calculation of the mean ratio 

Vle^vmg the phenol red clearance as propor- 
tional to renal blood flow, the constancy of the 
relative values of the phenol red and inulm clear- 
ances mdicates that the filtration fraction m the 
normal kidney is remarkably uniform It has 
been our expenence that vasomotor disturbances 
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(febnle reactions, drugs, etc,) arc immediately 
reflected by changes in the phenol red/muhn 
clearance ratio, in general the inulin clearance 
tending to fall, the phenol red clearance to rise, 
a divergence which can be explained by the sup- 
position that the normal glomerular pressure is 
maintained by tonic constriction of the efferent 
glomerular arteriole Dilatation of this vessel, 
m this view, would lead to a decrease in the filtra- 
tion fracbon with perhaps a simultaneous increase 
in renal blood flow 

The inulin clearance m the same subject on 
various occasions is also quite constant Subject 
E B, for example, was examined IS times in a 
period of a year and showed an extreme range of 
the average inulm clearance from 113 to 137 cc 
per minute with a mean clearance of 122 cc 

The relative constancy of the inuhn clearance 
and the phenol red/muhn clearance ratio in the 
present senes is perhaps attnbutable m part to 
the fact that the observations have been made 
under standardized and fairly basal conditions 
the subjects were examined in the morning ^\lth- 
out breakfast and with a minimum amount of 
physical activity, to produce a uniform degree of 
hydration, one to two liters of water arc admin- 
istered the day previous and two liters on the 
morning of examination (from 5 30 to 8 30 a m ) 
the last water being taken at least 90 minutes 
before the first clearance period But contribut- 
mg equally to this constancy is the fact that the 
technique of clearance determination is designed 
to give the most accurate results obtainable The 
use of constant, slow infusions gives reliable 
blood curves of inuhn and phenol red, and cathc- 
tenzation of the bladder followed by a careful 
washing with saline eliminates what is perhaps 
the largest source of error This last precaution 
is obviously necessary if single clearance deter- 
minations are to be given any physiological sig- 
nificance It IS at times difficult to obtain com- 
plete emptying of the bladder even when a mul- 
tiple-opening catheter is used and the bladder is 
washed out with 20 cc of saline 

It is appropriate to note in this connection the 
variability to be expected m single, successive 
clearance determinations We have subjected 
our individual inuhn clearance determinations to 
analysis as follows the extreme high and low 
values of this clearance in each senes of observa- 


tions (as shown by the vertical lines in Figu 
7a and b) have been used to calculate a stand? 
deviation relative to the average value of all < 
serv^ations on that day taken as unity The stai 
ard deviation thus calculated for 356 periods 
dr 0 089, 69 5 per cent of the dcterminatic 
falling within once, 96 per cent within twice a 
100 per cent ^\Ithln 3 times the standard de 
ation It follows that a \ariation of any individi 
clearance, from the average of a senes of clc 
anccs on one day, of more than 8 9 per o 
should not occur oftener than 30 5 times, and 
\ariation of more than 17 8 per cent should i 
occur oftener than 4 times, in 100 determinatio 
Unexpected changes in renal activity do unqui 
tionabJy occur m a subject on repeated examir 
tion, hut in no instance arc these changes of su 
a magnitude as to invalidate the physiological si 
nificancc of the average of a senes of three 
four observations on anj one da} 

We conclude from the present data on nom 
subjects that renal activitv, particular!} as i 
vcalcd by the inulin clearance, is remarkably cc 
stant under standard conditions, not onl} in t 
same subject m successive 15 to 20 minute peno< 
but v\cck by v\cck, this clearance is also relative 
constant m diflercnt subjects We believe tl 
the highl} variable clearances reported b} otli 
investigators arc attnbutable in great part 
various technical errors, and chiefly to failure 
empty the bladder completely 

In considering whether or not the data m Tal 
III furnish reliable standards for normal rer 
activity, attention should be called to the fact il 
the two individuals wiUi low inuhn clearanc 
shown at tlie bottom of the table hav^e been e 
eluded from the calculation of the average figur 
Though nothing in the histoi*}’' of these individu; 
indicates renal disease, it was felt that this cot 
not confidently be excluded 

We have included the urea clearance in soi 
of our observations because of the great practu 
importance of this determination Contrary 
the usual practice, we determine urea concenti 
tion in the plasma rather than in v\hole blood, 
practice defensible on physiological grounds sin 
the calculation of the fraction of urea reabsorb 
by the tubules is based upon the plasma rath 
than the whole blood clearance If allowance 
made for the difference between plasma ai 
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whole blood clearance, our average figure is m 
agreement with the widely accepted figures of 
Moller, McIntosh, and Van Slyke (11) 

SUMMARY 

The data given m Table II are too limited in 
number to establish normal values, but so far as 
the SIX individuals reported there are concerned, 
the rmmmal renal plasma flow, as measured by 
the diodrast clearance, has an average value of 
820 cc per 1 73 sq ra surface area per minute* 
This corresponds to a mmimal whole blood flnjv 
of 1384 cc Although there is little reason to be- 
lieve that such IS the case, these figures may be 
slightly elevated by a vasodilator action of dio- 
drast and by circulatory acceleration associated 
with clearance determination Of 820 cc of 
plasma, an average of 137 cc* per minute are fil- 
tered, as indicated by the inulin clearance Thus 
the average filtrabon fraction is 16 7 per cent* 
Appl 3 nng this figure to the average inulin clear- 
ance, as given in Table III, it appears that the 
mimmal, basal effective blood flow through the 
two kidneys of ideal man averages about 1300 cc* 
per minute 

Observations on the extent to which the tubular 
excretory mass and the effective renal blood flow 
may be altered by vanous physiological or phar- 
macological agents, or m the course of disease, are 
now m progress and will be reported at a subse- 
quent time, Avith supplementary data on the nor- 
mal value of 

CONCLUSIONS 

lo. Methods are described for measunng the 
tubular excretoiy mass and the effective renal 
blood flow m the human kidney These methods 
are based on the capaaty of the renal tubules to 
remove certain foreign substances from the blood 
and to excrete them into the urme mdependently 
of the activity of the glomeruli 

b Data on a limited senes of subjects are given 
for the effective renal blood flow and the fraction 
of plasma filtered at the glomerulus 

2 As subsidiary matters of physiological im- 
portance m the development of these methods, it 
IS shown 

a That phenol red, diodrast, and hippuran are 
excreted by a common cellular mechanism m the 
tubules 


b That tubular excretory activity is limited, 
m that there is a maximal rate of excretion for 
each substance 

c That no sigmficant quantity of diodrast or 
hippuran (or, from previous data, of phenol red) 
is stored in the renal tubules 
3 Values are given for the inulm and phenol 
red clearances m normal man These clearances 
are shown to be quite constant from time to time 
in the same subject and in different subjects 

These farvcstlgatiaai have required the collaboration of 
a number of workers, Dr Robert W Qarke, Dr Cath 
erinc Welsh, Dr Hfimert A* Ranges, Dr Wilhe W 
Smith, Miss Helen Kelgher Miss Anna Rosenthal and 
Miss Anne Rivoire. We arc especially indebted to Dr 
Wilhe W Smith for the development and supervision of 
the iodine method m this laboratory and to Dr Bernard 
Brodie of the Department of Pharmacology for advice 
concerning this method* 

We are indebted to Messrs, Hynson, Wcscolt and 
Dunnmg for thdr cooperation m prepanng stcnlc 10 per 
cent phenol red solution, and to the Pfansudil Chemical 
Company for their cooperation m the preparation of 
inulm suitable for intravenous use in man, 

METHOBS 

1 Pretfaration of infuston fiutd To establish and 
maintam a blood plateau m the shortest time a priming 
mfnsion (designated here as Number 1) is given at 10 
cc. per minute, followed by one or more sustaimng m- 
fusiorn of appropriate coraposiUon at the rate of 4 cc, 
per ramute* 

The preparation of utwlm suitable for intravenous ad 
ministration has been described elsewhere (15) , impure 
preparations may produce severe reactions and it is im 
perative that a physiologically certified preparation he 
used We have recently removed the pyrogeme agent by 
filtering the inulm solution before use through a Seitz 
EJC asbestos filter, as recommended by Ck) Ttu et aJ (3) 
Since mulin has a very high molecular waght (20) it 
has neghgiblc osmotic properties and it must be admin 
istcrcd m sahne (0.9 to 1 0 per cent) The solution is 
prepared by dissolving the mulm m sterile salmc with 
the aid of heat and filtering while hot through a Seitz 
filter if the inulin is pyrogemcally reactive, it is then 
boQcd for S mirmtes in a loosely stoppered flask to ef- 
fect stcnllxation, and sterile phenol red, hippnran tte 
are added. The infusion flask and tubing arc filled with 
hot sahne to remove air, this is tlien drained off to the 
bottom of the mfusicm flask, and after the mulm solution 
has been tranif erred to the flask a volume of fluid cor 
responding to the dead space of the infusion tubing is 
drained off m order to bring the Inuhn solution down to 
the needle, Imilm is only slightly soluble in cold water, 
and although it readily forms a supersalurated solution 
when heated, the solution should be transferred to 'the 
infusion flask while hot to prevent crystal lixatfou* A 10 
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per cent inulin solution will usually remain at body tem- 
perature for one hour without crystallization, while a 
3 per cent solution keeps several hours It is our prac- 
tice to pass the fluid through a glass coil immersed in a 
water bath at body temperature, since ^\Ilh this precau- 
tion the fluid m the infusion flask may be started at a 
considerably higher temperature A T-lubc carr>ing a 
thermometer is inserted in the infusion tubing between 
the cooling coil and the needle, to afford a check on the 
temperature of the infusion fluid as it enters the arm 
Where it is desirable to change the infusion fluid during 
the course of a senes of observations, this can be done 
quickly b> withdrawang the adapter from the needle, 
draining the old infusion fluid to the bottom of the flask, 
substituting the second infusion fluid and discarding a 
^olume of fluid equal to the dead space of the tubing 
A special tunnel clamp which gives uniform compres- 
sion over the infusion tubing for a distance of 4 inclics 
is used to control the rale of infusion, whicli is measured 
by means of a graduated pipette communicating with tlic 
infusion flask b> a Y-tubc The cmpt>ing time of this 
tube IS noted wath a stop watch 

W^erc low urine flows maj result from experimental 
procedures, diuresis should be maintained b> incorporat- 
ing 2 per cent NaaSO* in the infusion fluid, to prevent 
inulin from crystallizing out in the urine. 

2 Collection of iinuc and blood Urine is collected 
by an inlying catheter, the urine being allowed to dram 
into a narrow-necked flask during the collection period 
Toward the close of the period air is blown into the 
bladder by s>nngc and the last of tlic urine removed b> 
suction, the bladder is then washed out with an accu- 
rately measured volume of saline and a small quantit> 
of air The termination of the period is timed as closclj 
as possible to the removal of the last of this waish fluid 
A sterile catheter is used and sterile gloves arc worn 
The urine and wash fluid arc combined for anal>sis, and 
a preliminary 1 10 dilution is made at once to prevent 
precipitation of the inulin 

Blood samples are drawn from the antccubital vein, 
using double strength colorless heparin (Connaught Lab- 
oratories) to prevent clotting The blood is centrifuged 
at once, the plasma separated, and an accurately meas- 
ured 2 cc. sample is set aside for inulm analysis Oxa- 
late is added to the rest of the plasma which is used for 
phenol red and hippuran analysis Two cc. of plasma 
are required for inulin, 2 cc. for phenol red and in gen- 
eral 10 cc. for duplicate iodine analysis 

3 Analytical methods Inuhn analyses arc earned out 
on copper sulphate-sodium tungstate filtrates (18), the 
plasma and urines being diluted 1 8 or 1 10 m pre- 
cipitation, the urines first being diluted to the approximate 
U/P ratio as calculated from the urine flow and probable 
inulm clearance. Glucose is absorbed from the filtrates 
of both plasma and urine by treating S cc of filtrate 
with 1 cc, of packed yeast which has previously been 
well washed to remove all reducing substances The 
filtrate is left m contact with the yeast for 15 mmutes, 
with occasional stimng, before being centnfuged again 


The method of inulm analysis now m use and which has 
been repeatedly tested for rccovcnes of inulm is as 
follows 

Two tenths cc. N HaSOi, accurately measured from a 
capillar> pipette, arc carefully placed in the bottom of a 
Folm sugar lube. Two cc. of filtrate arc introduced on 
top of the acid, delivering this filtrate against the con 
stnction of the tube The mixture is agitated slightly 
and the muhn is h>droI>zcd by placing it in boiling water 
for 15 minutes Two-tenths cc. of N KOH arc then 
pipetted against the constriction and a drop of phenol- 
phthalcm is added If the mixture is alkaline a drop of 

0 1 N HjSOi IS added When acid, 1 per cent NaaCO, 
is added drop by drop until the mixture is a permanent 
pink This should not require more than 2 drops of 
NajCOj and the use of a larger quantity introduces per- 
ccplililc error m the glucose determination Two cc. of 
llic copper tartrate solution (6) arc then added and the 
muhn 15 determined as fructose. The simultaneous bloods 
and urines arc boiled together and read against a com- 
mon standard All sugars arc read in a Duboscq color- 
imeter against a single standard containing IS mgm 
per cent of glucose whicli has been boded wath the un- 
knowns Inuhn recoveries from both blood and urine 
have been satisfactory from 7 5 to 25 mgm per cent m 
the filtrate (It should be noted that the use of a single 
standard as described above docs not give complete re- 
coveries of glucose throughout so wide a range.) By 
this method muhn has a glucose equivalent of about 100 
per cent, and all figures arc reported as apparent glucose. 
Six bloods and fifteen unnes can be analyzed m dupli- 
cate m this manner m an afternoon and morning 

Prior to phenol red analysis the oxahted plasma is 
centrifuged at high speed m heavy walled PyTCX tubes 
to remove oxalates and red cells, hemolysis of the latter 
introducing error Two cc of plasma arc alkalimzed 
with a drop of saturated Na COi and compared with 
2 cc of a 1 0 mgm per cent phenol red solution similarl> 
allnlinizcd m a Duboscq microcolonmclcr If, on al- 
kalmization, the plasma becomes cloudy it is necessary 
to centrifuge again Reading should be done within 30 
minutes An e 74 Wratten filter is placed in the cj'c- 
piccc and the colorimeter is illuminated by a Photoflood 
bulb with a variable resistance If it is necessary to 
dilute the plasma before reading m the colorimeter, saline 
must be used as a diluent to prevent precipitation of the 
globulins Analysis of the diluted urines is earned out 
m a similar manner 

Where the plasma level of phenol red is kept close to 

1 0 mgm per cent, a single blank determination is made 
by adding 1 0 cc of 2 5 mgm per cent phenol red solution 
to 2 0 cc. of the patient’s plasma dravvai prior to the first 
infusion This is read against a 10 mgm per cent 
standard and the apparent blank determined by subtract- 
ing 0 83 and multiplying by 1 5 This blank (0 to 0 10 
mgm per cent) is deducted from all plasma phenol red 
readings Each sample of plasma is tested for hemolysis 
by a slight modification of Bing and Baker’s (1) hemo- 
globin method 2 cc. of a 2 per cent benzidine solution 
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in 20 per cent gladal acetic aad are added to 0 4 cc. o{ 
plasma plus 06 cc. of water the mixture agitated^ and 
1 0 cc. of 1.5 per cent H,Oj added. A blank using 1 0 
cc of water is prepared m the same manner The sohi 
Uons are grossly compared after 1 hour, and if hemolysis 
IS present the phenol red determination is discarded. 

lodtne analysis is earned out by Kendall 8(9) method, 
with slight raodificationi which may be briefly noted to 
supplement the onginal dcscnption All samples are 
dried at 90 C before fusion with NaOH. Heat re 
sistant glass beads (15 to 20) are used to prevent boil 
mg over after use these are washed boded with dilute 
HjPO* washed and dned at 90® Only 2 cc of 20 per 
cent sodium bisulphite are used instead of 5 cc 1.5 cc 
excess of H#PO* arc added after the methyl red end 
point IS reached, and the final addition of reduced HjPOi 
IS omitted. Sodium thiosulphate is standardized by ti 
tration of 5 cc of N 0C>01 KIOi added to a dummy 
prepared of NaOH, HjPO*, etc as m the analysis of 
unknowns. All reagents are carefully examined for a 
blank. Thirty five analysts of KIO| or KI varying from 
25 7 to 100 7 added to plasma have given recovery with 
a S JD of ± 1 44 7 Similarly diodrast added to plasma 
in quantities less than 1007 has been recovered with a 
S D ± 1 84 7 (20 observations) Seventy per cent of 
routine determinations check withm 2 per cent 93 per 
cent check within 5 per cent 

Ureas arc determined by Von Slykes (19) raano- 
metric urease method, using plasma and diluted urmes, 
digestion m each case bemg earned out in the burette 

Plosnia proteins arc determined by Wu s (22) method 
with the addition of lithium sulphate to the phenol re 
agent (7) 

4 Protocols Since many of the observations recorded 
here involve mfusion fluids of special composition the 
more important featnres of these fluids and their mampu 
lation will be reviewed. For brevity the followmg ab- 
breviabons arc used phenol red, PR. diodrast D , 
hippuran, H urme collccticm period, U blood sample, 
B The time at the bcgmnmg of the pnramg mfusion 
is indicated by 0 and the elapsed tune thereafter by 10' 
15 , etc Phenol red vs used, as a stcnle 10 per cent 
solution prepared for us by Hynson, Wescott and Dun 
nmg diodrast is the 35 per cent stcnle solution marketed 
by the Wmthrop Chemical Co., and hippuran is the 48 
per cent stcnle solution marketed by the Malhnckrodt 
Chemical Ckirapany U, begins about 20 minutes after 
infusion No 2 is started. 

Figure 1 Inf No 1 15 gra Inulin U cc PR 1 cc 
D m 100 cc saline from 0 to 10 Inf No 2 SO gm 
inuhn 10 cc PR. 10 cc D m 1000 cc sahne at 4 cc 
per mm imtU end. From 60 to 67.5 70 cc 10 per cent 
PR. solution injected into infusion tubing near arm. 
Discard period from 59 to 73 Total tunc, 200*, 14 
urines and 7 bloods 

Figure 2 Inf No 1 15 gm. Inulin, 13 cc PR., 13 cc 
D m 1(X) cc salmc from 0 to 11 Inf No 2 20 gm. 
inulm 4 cc PR., 4 cc D m 400 cc salme at 4 cc per 
nun. from IF to 75' Inf No 3 25 gra, inulm, 2 cc 


PR., 25 cc D m 500 cc saline from 79' to end. From 
84' to 89' SO cc D injected into infusion tubing Dls 
card from 74' to 99' Total time, 186 11 unnes and 6 
bloods B* to B, at 0 40', 75', 98', 120' 150' and 186 , 
respectively 

Figure 3 Inf No 1 12 gm. malm, 2 cc PR., 1 cc. 
H. m 100 cc salme from 0 to IF Inf No 2 20 gm 
inulin 4 cc PR., 4 cc H m 400 cc saline at 4 cc per 
mm. from IF to 7F Inf No 3 30 gm. muhn, 2 cc. 
PR., 50 cc H in 500 cc salme from 72' to end. At 82' 
91 5' and 102' 24 12 and 8 cc H mixed with infusion 
fluid in flask. Total time, 197' 11 unnes and 6 bloods. 

Figure 4 Inf No 1 IS gm. inulm 13 cc PR 1 cc 
D or H m 100 cc sahne from 0 to 10 Inf No 2 30 
gm. muhn 4 8 cc PR., 6 cc D or H in 600 cc salmc 
at 4 cc per mm. from 10' to end. After three control 
urine periods, from 3 to 10 cc of D or H were mjected 
slowly mto infusion tubmg or directly m \cm of other 
aim, Total time, about 120, 8 urines and 5 bloods 

Figure 5 Inf No 1 12 gm inulm and 13 cc PR. 
in 1(X) cc sahne from 0 to 10’ Inf No 2 12 gm Inuhn, 
2 25 cc PR. 300 cc saline, 10 to 52' Inf No 3 16 
gm mulm 2,0 cc PR., 40 cc D in 4(X) cc saline 533 
to 120 5' At 593 and 70 rcspectivety 12 and 6 cc D 
added to mfusion flask. Inf No 4 12 gm mulln and 
2.25 cc PR- m 300 cc sahne from 1203 to end. Dis 
card penods from 52' to 64 and 1183 to ISC' Total 
time, 159' 11 urines and 7 bloods 

Figure 6 Inf No 1 15 gm mulin and 13 cc PR. 
in 100 cc salme from 0 to 10 Inf Na 2 15 gm 
inulm and 2.25 cc PR. in 300 cc saline from W to 50 
Inf No 3 20 gm mulm, 1 6 cc PR. and 47 cc H m 
400 cc salmc 5Z to 115 5 At 57' and 68 respectively 
13 and 7 cc of H added to infusion flask. Inf No 4 
15 gm muhn and 20 cc PR. m 3(X) cc saline 115*5 to 
end. Discard period 62' to 73 Total time 157' 13 

unnes and 8 bloods 

Tables I II and III The routine examination of 
normal individuals of 1 7 sq m SA. may be accom 
phshed as follows Inf No 1 15 gm inulm, 1 cc PR. 
and 1 cc D m 100 cc salmc from 0 to KT Inf No 2 
IS gra mulin, 3 cc PR, and 3 cc D m 300 cc sahne 
10 to end at 4 cc per minute These infusions will give 
100 to ISO mgm per cent of Inulm, 075 to 1 0 mgm 
per cent of PR. and 03 to 10 mgm per cent of D m 
the plasma, depend mg on clearances. B, for PR. blank 
may be drawn when startmg mf Na 1 B, at 28*, B, 
at 60' and B| at 92', and the bladder emptied and washed 
at 30' with U at 45 U| at 60 U, at 75 and U| at 90 
It was by essentially this technique that most of the data 
m Table HI were collected, though a few of the earlier 
observations were made on falling blood curves after 
single mtravenous injections. Where the clearance of 
anj substance is reduced the concentration* m the m 
fusion fluid should be reduced approximately m proper 
tlon to the square root of the per cent of normal clear 
ance keeping the infusion rate at 4 cc per minute 

Protocol 2 may be followed for measunng both maxi 
mal clearances and Twi 
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The work presented here \vas undertaken pri- 
manly for the purpose of ascertaining the effect 
of alcohol in moderate quantities on the water and 
salt balance m man It is a commonly observed 
fact that alcohol in man produces a diuresis and 
MacNider and Donnelly (1 ) have shown this to be 
the case m dogs It is likewise well known that 
thirst IS a prominent symptom dunng the recovery 
phase of acute alcohohsm No balance studies 
have been made of this condition, and it was 
thought that data could be collected which would 
explain some of the features observed 

Alterations in the acid-base balance after the 
ingestion of alcohol was first shown by Thomas 
(2) m 1898, who reported that the carbon dioxide 
content and carbon dioxide capaaty of tlie blood 
was diraimshed Hunwich and coworkers (3) m 
1933, made observations on the aad-base balance 
m dogs and m man after feeding alcohol Thar 
studies were made over short penods of time, and 
no attempt \vas made to study the electrolyte bal- 
ance, however, they observed no change m the 
dotal base or chlondes of the serum Tliey found 
that there was a reduction m tlie carbon dioxide 
content and carbon dioxide capaaty of the blood 
which was accompamed by a fall in the blood pH 
There was also an mcrease m the blood lactic aad 
and sugar It was thar belief that the increase 
m lactic aad was brought about by the conversion 
of muscle glycogen to lactic aad by the action of 
alcohol Etitcr and coworkers (4) m short ex- 
penments on dogs noted a fall m the carbon di- 
oxide capaaty, an increase m the blood sugar and 
an mcrease m the blood potassium content 
Gojeher and coworkers (5) reported the same 
findings in chrome alcoholism in man but made 
no attempt to study the excretion of the electro- 
lytes 

Wakai (6) using rabbits, was able to show 
that the serum protein concentration was de- 
creased and was accompanied by a decrease in the 
serum and blood viscosity after the feeding of 


alcohol Levm (7) has sho^vn that in man the 
ingestion of alcohol caused an increase in blood 
volume in certain instances 

EXPERIilRNTAL 

Healthy ytmng adult male volunteers were used m 
the expenments* They were allowed to carry on their 
usual routine as students A constant diet, which was 
prepared by the same individual throughout each experi- 
ment, was ffivem Two duplicate samples of the diet 
were analyzed for the potassium, sodium, chlonde, water, 
and nitrogen content The time at which fluid was taken 
and the amount were constant for each day throughout 
the experiment A weighed amount of sodium chlonde 
was supphed to the subject for use on his food for the 
day and all food was consumed 

In order to determme the changes that might occur in 
periods shorter than 24 hours the day was divided into 
three 8-hour periods* The unne was collected for each 
of the 8-hcmr periods, toluene added as a prcseiV’ative, 
and the specimens were kept m the ice box until used 
The stools were collected for 24-hour ficnods. The blood 
samples were collected anaerobically heparin being used 
as the anticoagulant (8) A control blood wras obtained 
8 hours before the beginning of alcohol intake- The 
subject was given alcohol m the form of whiskey, gm 
or ethyl alcohol over a penod of 8 hours when a second 
blood sample was obtained The third and fourth blood 
samples were obtained 8 and 32 hours respectively after 
the end of the alcohol consumption. The time at which 
fluid was taken remained the same m all expenments, 
alcohol being substituted for an ccpial quantity of water 
No alcohol was allowed during the last hour of the 
penod of alcohol intake, and the subject was kept at 
rest m bed Vomiting did not occur m any of the ex 
penments In Expenments 1, 2, and 3 the subjects re 
ccived alcohol m the form of whiskey diluted with ice 
and water In Expenment 5 the alcohol was gi^cn in 
the form of distilled gin diluted with water and ice, 
while m the 4th expenment ethyl alcohol diluted with 
ice and water was drunk. In two cxperinicnts (1 and 
3) a low sodnnn chlonde mtake diet was gi\en, 4 grams 
per day m Experiment 1, and 1 gram per day in Ex- 
periment 3 and m Expenments 2 4 and 5 an adequate 
sodium chlonde mtake was allowed (7 grams per day) 

The columns headed balance** In Table IV rep- 
resent the difference between the output and intake of 
the \*arious substances the output in each instance repre- 
sentmg the total as measured by analyses of the urme. 
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stools, and withdrawn blood The intake represents the 
total amounts m the \vatcr, food, and sodium chloride 
taken by mouth Penods labeled 1, 2, and 3 arc averages 
for the corresponding penods for two da>s and constitute 
controls Period 4 represents the time of alcohol intake 
and during Periods 5 and 6, it was considered that the 
subject was still under the influence of alcohol The 
reco\er>^ phase begins with Period 7 
The methods for chemical anil>sis arc as follows 
Estimations of the sodium were made by the method of 
Butler and Tuthill (9) A tncliloracctic acid filtrate of 
the plasma was used instead of wet or dr>' ashing The 
filtrate was prepared m the manner recommended b> 
Kerr (10) The potassium was estimated b> the method 
of Shohl and Bennett (11), after ashing the sample 
according to the technique of Strauss (12) The chlo- 
ndcs were determined by the open Carius method as 
modified h} Eiscnman (13) The carbon dioxide content 
w^as measured b> the method of Van SI>kc and Neill 
(13) The pH determinations were made colorimct- 
ncall> by the Hastings and Scndro> technique (14) 
Lactic acid estimations were made according to \on 
Furth-Charnass as modified h} Fnedemann and Kendall 
(13) The blood alcohol wais determined b> the method 
of Fnedemann and Klaas (15) The macro-Kjcldahl 
method was employed for the determination of the nitro- 
gen, in the plasma, urine, and stools (13) Nonprotcin 
nitrogen was determined according to Folin and \Vu 
(13) and the blood sugar by Benedict’s method (13) 
All determinations were made in duplicate, unusual re- 
sults were checked m triplicate 

RESULTS 

Five complete balance studies were made, the 
results of which were consistent regardless of the 


form m which alcohol was taken Data from 
such experiments (Tables I, II, and III) reveal 
that there was a retention of sodium, chlonde, and 
potassium A small amount of water was lost 
during the 24-hour period, but this loss was more 
striking during the 8-hour penod in which the 
alcohol was given Diuresis was produced and 
occurred always in the first 4 hours of the period, 
so that during the last 4 hours only small amounts 
of unne were voided, even though alcohol was 
taken during tins time Although there was a 
diuresis of water, the sodium, chlonde, and potas- 
sium ions were retained and their concentration 
m the urine was lowered Accompanying the 
water diuresis, winch occurred only while the 
subject was taking alcohol, there was a loss of 
weight greater than could be accounted for by 
the loss of water in the urine alone 

The retention of the sodium and the chlonde 
was more marked when the intake of these ions 
was high, and in the two expenments in which 
the sodium chloride intake was inadequate there 
was a negative balance for these ions, which, 
however, was not as great as m the control penod 
(Table IV) In all experiments, the potassium 
retention (Table V) was marked and apparently 
had no relationship to the amount of sodium or 
chloride retained 

We have considered the recovery day as be- 
ginning 16 hours after the end of the period of 


TABLE 1 

Effect of alcohol when adequate sodnnn chloride was gtv^n Experiment 5 t 




1 Water 

1 Sodium 

Chlo 

Potas 

pll of 
blood 

1 

1 Blood 
non 

1 Blood 
j sugar 

Blood 


1 

Plasma 

Plasma 

1 

Plasma 

Plasma 

plasma 

Period 

Wdeht 

cxcrc 
tlon * 

cxcrc 
tlon * 

ride 

excre- 

tion* 

1 slum 

1 cxcrc 
tlon ♦ 

1 protein 

1 nitro 
gen 

lactic 

add 

olco 

hoi 

clilo 

ride 

so , 
dlum 

1 

potas 

slum 

COi 

content 

pro- 

tein 


1 






m/m 

mem 

mem 

mem 

mrq 

m eq . 

mrq 

mrq 

grams 
per 
100 cc 

8 hours each 

kern 

cc 

■ 

m eq 

m^q 


per 
100 cc 

Per 
100 cc 

per 
100 cc 

per 

100 cc 

per 

liter 

Per 1 
Itler 

per 

liter 

per 

liter 

Control 1 

714 ' 

1000 


63 6 

31 0 

7 38 

32 

88 

6 65 

8 55 

loos' 

144 1 

3 8 

27 5 

6 57 

2 


760 1 

48 4 

40 1 

12 8 1 











3 

1 

1010 

43 S 

58 6 

42 2 1 











Alcohol 4 

70 5 1 

800 

38 3 , 

43 0 ; 

91 , 

7 34 

31 

91 1 

13 23 i 

147 0 

100 1 

144 1 

35 

25 5 

618 

6 48 

s : 


24 8 

21 4 1 

33 ' 

7 34 

31 

86 

12 88 

1214 

104 0 

145 3 

55 

25 5 

6 


SO 

10 1 

49 1 

46 ' 











7 

71 9 

450 

28 4 

441 ; 

42 4 

7 38 

27 


13 59 

10 26 

102 0 

142 5 

34 

26 7 

614 

8 


1010 

65 6 

33 2 

33 4 











9 


1300 

57 8 

72 1 

413 

1 








1 




* The excretion is the total amount of substances m the unne, stool, and withdrawn blood 
t Diet of 2400 calones, 2400 cc of water, and 7 grams of sodium chlonde were given daily 180 cc ol v:? 
alcohol m the form of distilled gin were given in the fourth penod Periods 1, 2, and 3 arc average figures tor tne cur 
responding penods dunng the control days Blood samples were collected at the end of the penods 
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TABLE n 


Effect of dcchcl xt^ken adequate todium chloride xoas jttw Expenment i f 


Period 

Wdfbt 

Water 

cKcre- 

tkra* 

Sodium 

excrc- 

Uoc* 

Chlo- 
ride 
excre- 
tion. * 

1 

Pota*> 
■lam 
' ercre- 
tion* 

pH of 

' 

Blood 

noo 

protein 

nltro- 

sen 

Blood 

fuemr 

Blood 

lactic 

odd 

Blood 

oico- 

hol 

Plasm* 

chlo- 

ride 

m 

Pksma 

potai 

slum 

Plasma 

CO* 

content 

Plasma 

pro- 

tein 








itirm 

1 wcm. 

1 



mjCQ 


mxe 

pnnu 

9 kottn 




fHxq 

1 

mxq 




1 l^CC 

iSo^cc. 

/iHr 

is. 

is. 



Control 1 

66 6 


52 2 

1 72.3 

37 3 

740 

26 

94 

7,92 

1 42 


1410 

28 

26 8 

660 

2 


500 

1 27 1 

18 7 

99 





1 






3 


820 

1 52 9 

1 58 8 

36.3 











Alcohol 4 

662 

' 1990 

28 6 

38 1 

20 

737 

29 

* 97 

* 1234 

196 6 

1053 

144 0 

42 

254 

638 

S 


1 465 

, 26 4 

1 29.5 

15,9 

1 737 

23 

, 80 

12 24 

59 8 


1 1463) 

1 50 

26 4 

632 

6 

1 

645 

1 40.3 

40.3 

14 



1 

1 

1 






7 

66 6 

1400 

39 4 

58 6 

26 9 

7 40 

28 

92 

7 56 

83 


1403 

BI9 


660 

8 


250 

31,8 

24 1 

22 1 






|1018 





9 


1210 

82 8 

94.3 

55 4 

1 










10 

668 

1135 

5U 


273 


29 

96 

8 59 

83 

98 7 

IEy«l 

30 ' 

1 

6 55 

11 


740 

31J 

24 4 

msSm 

1 

1 

1 



1 

1 




12 


1210 

62 7 

91 1 

1 753 




1 

1 


1 


1 



* The excretion is the total amount of Bubatance* m the urme stool, and withdrawn blood 

t Diet of 24<X) calones^ 2400 cc of water and 7 grams of sodium chlonde were given daily 200 cc, of 95 per cent 
alcohol diluted with ice and water wTie given m the fourth period Penods 1 2 and 3 are average hgures for the cor 
responding penoda during the control days. Blood samples were collected at the end of the periods. In this expadment 
the recovery phase was prolonged one day 


TABLE m 


Effect of alcohol when xnadequaie sodium chloride was gtrxn Experiment 3 1 


Period I 

Wdihtl 

Water] 

1 

, Chlo* 1 

Potas- 

pH ot j 
blood 

Blood 

non 

Btood 1 

Bbod 

Blood 

1 

Plasmaj 

Plasma 

Plasma 

Plasma 

Plasma 

1 


acre- ' 




protein 

lactic 

alco- 

chlo-^ 

iPu^ 

potas- 

CO, 

pro- 

tion * 

tlotl * 

tJoa* 1 

don* 1 

1^ 


add 

j 

hd 

rWe 


slum 

content 

tdn 









mgm 

mgm 


1 

mx<3 

mxq 

vutg ' 

trems 

S ktmrt tocM 


cc. 

mxg 

mjtg 

mxii 




itou 

im 

is. 


iSr 

is. 


Control 1 

94 2 

1730 

13 8 

24 3 

50 1 

7 38 


98 

92 

\ 3539 

103 2 

142 9 

3 8 

27 1 

6 75 

2 


290 1 

22 7 

19 8 

88 











3 

1 

880 

1 

230 

36 2 

24 1 











Alcohol 4 

93 3 ' 

2450 

19 8 

14 1 

16 9 

7 32 

23 

138 

1237 

2323 

104 9 

143 1 

79 

24 1 

7 03 

5 

225 

16 7 1 

maatM 

14 5 1 

735 

25 

mum 

1339 

fn£21 

103 2 

145 6 

83 

1 24 6 

694 

6 

1 

242 1 

87 

18 2 

12 8 








1 



7 1 

947 1 

570 1 

53 

14 8 


738 

25 

■HM 

7 92 

403 


139 0 

33 

26 5 

637 

8 


355 

67 

110 

4 1 1 



1 





1 



9 


1240 

63 1 

153 

30 7 1 



1 



1 






* The excretion is the total amount of substances In the urine sttwl and withdrawn blood , , « , 

t Diet of 2400 calories 2400 cc, of water and 1 gram of sodium chloride were green daily Penods 1 2 and 3 arc 
average figures for the corresponding period during the control days Blood samples were taken at the end of the 
pcno<k 212 cc, of 95 per cent akohol in the form of whiskey were given dunng period 4 


alcohol intake, at which time tlie blood alcohol had 
fallen considerably Actually, ho^veYe^, tlie re- 
covery day does not begin at this time since water, 
sodium, potassium, and chlonde were retamed in 
large amounts for tlie first penod of that day 
(Penod 7, Tables I, II, and IH) Nevertlieless, 
the balances for tlie complete day reveal that the 


recovery phase was charactcrued by unnary ex- 
cretion of potassium sodium and clilonde, with 
retention of water Since more potassium w*as 
retained dunng the penod of alcohol consumption 
the loss of this ion was greater than for the 
dium and chlonde The negative balance 
first da} of the recovery penod was 
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TABLE IV 


Balance data on Experiments J, 4^ and 5 * 


Experi 

ment 

Day 

Intake 

Output 

Balance 

Polls 

slum 

So 

dlum 

Chlo- 

ride 

Nltro 

Kcn 

Potas 

Plum 

So- 

dium 

Chlo 

ride 

Nitro- 

Ron 

PoLas 

plum 

So- 

dium 

Chlo- 

ride 

Nitro- 

gen 



tn^Q 

mtq 

mxq 

crams 

nt^q 

trt^q 

mjeq 


m cq 

m^q 

m^q 

trams 



85 

33 8 

54 6 

14 65 

830 

59 5 

80 3 


-f* 2 0 

-25 7 

-25 7 

+0 92 

3 


85 

33 8 

54 6 

14 65 

442 

45 2 

53 0 


+40 0 

-114 

+ 1 6 

+0 85 



85 

33 8 

54 6 

14 65 

63 8 

18 4 

40 2 

15 28 

+21 2 

+15 4 

+144 

-0 63 


1 

85 

135 7 

156 

14 65 

83 5 

132 2 

149 8 

14 75 

+ 1 5 

+ 35 

+ 62 

-010 

4 

2 


135 7 

156 

14 65 

19 3 

95 3 

107 9 

12 21 

+65 7 

+40 4 

+48 1 

+2 44 


3 

1 85 

135 7 

156 

14 65 

104 4 

154 0 

177 0 

12 65 

-194 

-18^ 

i -210 

+2 00 


4 

1 85 

135 7 

156 

14 65 

113 3 

145 5 

172 5 

14 17 

-28 3 

- 98 

-165 

+2 20 


1 

1 

1 85 

135 7 

156 

14 65 

86 0 

132 7 

162 4 

15 51 

- 1 0 

+ 30 

- 64 

1 

' -0 86 

5 

2 

85 

135 7 

156 

14 65 

17 0 

73 2 

69 3 

1195 

+68 0 

+62^ 

+86 7 



3 

1 85 

135 7 

156 

14 65 

117 1 

1 1518 

149 4 

15 24 

-32 1 

! -161 

+ 66 



* Alcohol wns given nt the bcpnning of the second day in each experiment The output is the total amount of sub- 
stances m the urine, stools, and withdraw n blood 


to offset the retention that occurred when the sub- 
ject consumed the alcohol One experiment 
(Table II) was prolonged for an additional day, 
and it was found that the sodium, potassium, and 
chloride loss approximately equaled the amount 
of these ions which had been retained during the 
penod of alcohol consumption 

The retention of potassium was reflected in the 
concentration of this ion in the plasma (Table V) 
WTiile there was little or no change immediately 
following alcohol ingestion, there ^\Tls a marked 
increase 8 liours later The sodium and the chlo- 
ride concentrations in the plasma were not ele- 
vated to a great extent, the largest increase noted 
%vas m Experiment 4 (Table II), where the so- 
dium increase was 2 9m eq and the chloride 
increase was 2 m eq In the other expenments 
this change was not as much, but m each case 
tliere was at least an increase of 1 2 m cq 
We were able to confirm the studies made by 
Himwich and co workers (3) who found that 
after the ingestion of alcohol there was an in- 
crease m the blood sugar and lactic acid, and a 
decrease m the carbon dioxide content and the 
pH In none of our experiments were the al- 
terations as much as these workers observed 
Nitrogen was retained m every case, but the 
positive balance is much more apparent in those 
experiments in which the sodium chlonde intake 
was adequate, in each of these the amount re- 
tained was 2 grams or over, whereas it was less 


than one gram ^^hcn tlic sodium chlonde intake 
\vns low There was a reduction in the plasma 
proteins, whicli \\c bchc\c was owing to an in- 
crease in blood \olume (16) An attempt w^as 
made to correlate the blood alcohol concentration 
with the changes in the waiter balance, but ap- 
parently no companson could be made 

DISCUSSION 

All A^nablcs were controlled as far as possible 
in these expenments, but the activity of the sub- 
jects vaned from day to day, and tliere was an 
increase in the actunty dunng the penod in w^hich 
alcohol w^as given It was observed that the res- 
pirations ^\erc increased in rate and depth after 
the alcohol ivas given, so that more w^ter must 
have been lost through the expired air and by the 
increased amount of sw^eating dunng tlus penod, 
than dunng any other penod of the expenment 
No measurements w^cre made of the water lost in 
this manner except that it wtis observed that more 
w^eight wTis lost dunng the penod of dnnking 
than could be accounted for by the ^vater balance 
observed Realizing these facts, we do not be- 
lieve that a quantitative calculation can be made 
of the water exchange between the intracellular 
and extracellular phase 

Darrow and Yannet (17) have estimated tliat 
the volume of extracellular fluids is approxi- 
mately 27 per cent of the body weight The ex- 
tracellular fluid volume, however, may not remain 
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stationary when conditions of the experiment are 
altered In fact, it would appear that m the 
expenmentfl reported here, there was an increase 
in the extracellular fluid volume* The retention 
of sodium and chloride ^vlthout an increase in the 
plasma concentration and the increase in the blood 
volume (16) would indicate this increase. If, 
however, the assumption is made that the volume 
of extracellular fluid is approximately equivalent 
to 27 per cent of the body weight, then only ap- 
proximately one-half of the retained potassium 
can be accounted for in this compartment (Table 
V) As pointed out above, this assumption is 


TABLE V 

A c&mParuon of the poiasjtum ga»n tn the extraeeUukir firnde 
mtk the join tn tniraceUtdar potassium 


El 

p«rL 

Dtnt 

1 

potuihna 

bOOTlft* 

1 looMMln I 

1 

potaalom | 
wneartrft- 
tloB tor 1 

taiM 

period 

ToUlberesM 1 
plpoUaiamta I 
ntnoeUolir 
ftiild, tvanfavK 
them to be 

37 per c«rt 
oI body Kri^ 

QUa ol 
Intnodhdir ' 
potsJiiam 

lDtr«* 

E-0S17N* 

OJll 


WLtq 

mji9,TtrUitr 

wL*: 


te. 

1 

SOJS 

LI 1 

lU 

3Lt 

373 

1 1 

56Jt 

L9 1 

374 

IM 

171 

_il 

400 

1 LS 

lUS 

1 7SS 

1 -«0 


eor 


m 

tt.4 

m 

fi 

1 

600 

LT 

1 

lis 

304 

tS6 


probably not correct m these experiments, how- 
ever, we do not bchevc that the increase m the 
extracellular fluid volume was sufficient to ac- 
count for all of the retained potassium This 
excess potassium must be retained m the cells 
As pomted out above there was a retention of 
mtrogen in all of the experiments with the ex- 
ception of Experiment 3 Experiment 3 was of 
considerable mtercst in that the amount of re- 
tained potassium was not sufflaent to account for 
the total increase of this ion in the extracellular 
flmds (Table V) However, this subject was 
somewhat overweight and his weight was not con 
stant at the beginning of the experiment He 
was also m negative sodium and chlonde balance 
Peters and Lavietes (18) have pointed out that 
the rdabon of body water to bssue solids docs 
not remain constant dunng penods of changing 
nutrition It would appear ^en that in this sub- 
ject there was a loss of potassmm from the cells 
by actual destruction, since the gam m extra- 
cellular potassium was greater than ivas expected 


from the amount retamed by the body It is to 
be assumed, then, that since both potassium and 
mtrogen were retained in excess of the amount 
that was accounted for by the extracellular fluids, 
there was a gam in the intracellular fluids If the 
amount of retained potassmm over that accounted 
for by the increase m the mterstibal flmds is used 
as a basis for calculating the amount of retained 
intracellular water (19) then it is found that a 
shght increase m this compartment occurred in 
all expenments except Expenraent 3 (Table V) 
Again, if the balance of intracellular water is cal- 
culated from the amount of retained mtrogen, as 
suggested by Darrow and Yannet (17), it is 
found that there is a discrepancy of approxi- 
mately 100 cc. jof flmd 

If the retained sodium and chlonde be calcu- 
lated on the same basis, namely, assuming the 
extracellular fluids to be 27 per cent, it is found 
that only a very small amount caimot be accoimted 
for in this partition It should be pomted out 
that potassium was retained in greater quantity 
than either the sodium or the chlonde ions 

It has been shown that when alcohol is given 
to dogs a diuresis occurs (1), and we have shoivn 
that m man a diuresis occurs m the first part of 
the dnnkmg penod, but that thereafter there is 
a retention of fluids It is to be noted that the 
concentration of sodium, chloride, potassium, and 
mtrogen m the unne was very much lowered so 
that the excess unne represents a water diuresis 
It would appear therefore that alcohol has an 
effect on the renal epithelium allowing the water 
to pass but holding back potassium m large 
amounts and sodium, chlonde, and nitrogen m 
smaller amounts When the potassium and ni- 
trogen are considered it appears that the effect of 
alcohol IS not unlike that noted for the absence of 
the adrenal cortical hormone (20) 

Dunng tlie recovery phase, potassium, sodium, 
chlonde, and mtrogen w ere lost in greater amoimts 
than they were taken in Since the loss occurred 
when the concentration of alcohol m the blood 
had fallen to lower levels it would appear tliat 
the barner to the excretion of these substances 
had been removed The excess of tliese ions w'as 
lost from the extracellular fluid and if it is as- 
sumed that a portion of tlic intraceflular potas- 
sium exists in a diffusible form ** would be 
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a loss of potassium from the cells At the same 
time water was also lost 

It IS most unlikely that the shift of water to 
the intracellular phase is responsible for any of 
the symptoms resulting from acute alcoholism m 
man, since the amount of water gained by the 
cells was too small to bring about edema of any 
organ In fact, the most severe symptoms that 
\\ere noted occurred m Experiment 3, in which 
the calculated intracellular water was less during 
the recover}^ phase than m the beginning of the 
experiment, houever, tlic plasma potassium con- 
centration had increased to 8 3 m eq per liter 

Potassium in excessive amounts is a depressant 
(21) and produces malaise, nausea, vomiting, and 
headache, all of which symptoms arc observed 
after excessive alcohol ingestion It is suggested 
that the increase in the concentration of plasma 
potassium after the ingestion of alcohol may be 
responsible for some of the after effects of over- 
indulgence in alcohol In our experiments, the 
unpleasant symptoms of postalcoholic excess ap- 
peared at a time when the concentration of alcohol 
m the blood had fallen and when the potassium 
concentration was at its maximum 

In all of the experiments reported here there 
was a slight increase in the level of the blood 
lactic aad, however, it seems unlikely that the 
shght increase noted would m any way be re- 
sponsible for the acidosis produced or for any of 
the symptoms observed after ovcnndulgencc m 
alcohol 

SUMMARY 

1 Some of the effects of alcohol have been 
studied by means of balance (experiments on 
healthy adult volunteers m whicli a constant food, 
fluid, and salt intake were given Data from 
such studies reveal a marked retention of potas- 
sium, sodium, chloride, nitrogen, and water 

2 It is suggested that the retention was pro- 
duced by the direct action of alcohol on the ex- 
cretory powers of the kidneys 

3 An increase in the plasma potassium con- 
centration occurred Reasons are advanced for 
the belief that some of the symptoms observed 
following acute alcoholism in man are owing to 
an increase in the plasma potassium concentration 

4 Previous work on the acid-base balance has 
been confirmed 
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Angina pectoris is commonly attributed to a 
disproportion between the work demanded of the 
heart and the blood or oxygen supply available to 
it (1, 2, 3, 4, 5) That the heart’s work increases 
during the attack of pain has been inferred from 
several well known facts First, increased blood 
pressure is common during the period of pain, 
although there is no complete correlation between 
the degree and duration of pain and the change 
m blood pressure (6, 7 ) Second, situations 
which commonly induce anginal attacks, such as 
exerase, exatement, food, and cold increase the 
cardiac output of normal subjects (8, 9) 

The duration of most spontaneous attacks of 
angina following effort is too brief to permit 
satisfactory estimations of cardiac output dunng 
the pain Physiaans have hesitated to induce 
attacks of cardiac pam of a duration suffiaent 
to permit such estimations Probably these 
reasons account for the lack of estimations of 
cardiac output in the huge literature on angina 
pectons Therefore the widely accepted view 
that angina is associated with increased heart 
work has never been venfied by measurement 
Dunng a long senes of estimations of cardiac 
output, earned out on patients dunng the last 
aght years, we had several unexpected oppor- 
tumbes to study angina pectons These oppor- 
tunities were seized Therefore we have secured 
satisfactory estimations of cardiac output, meta- 
bolic rate, blood pressure, pulse rate, and respi- 
ration, dunng cardiac pain m four patients 
Comparable estimations, when the patients were 
free of pam, were secured also 
Three of our patients had typical angina pec- 
tons Two have smee died of their disease and 
m one a necropsy was secured The fourth in- 
dividual suffered from atypical cardiac pain ap- 
parently induced by digitalis 
In tw 0 instances we secured data on the physi- 
ological changes which accompanied the relief of 
pain after the admimstration of mtroglycenne. 


In all of these patients the estimated work of 
the left ventncle was much larger dunng the pam 
than in its absence Our one necropsy proved 
the coronary arculabon to have been impeded 
Therefore, our results support the generally ac- 
cepted view of the causation of angina pectons 

METHODS 

Eathnatlona of cardiac output and metabolic rate were 
performed in the manner described (10 11) Left ven 
tncular work has been calculated by the formula* — 
Work *= cardiac output X mean blood pressure X 13^ 
(12) Patient W B had slight aortic regurgitation and 
in this case the estimation of work is too small as the 
amount of blood leaking through the aortic valve is not 
included in the estimation of cardiac output The in 
creased blood pressure during pain would tend to in 
crease the error and although this would be somewhat 
offset by the decreased duration of diastole with the 
faster pulse rate, we believe that the actual increase of 
heart work during the pam must have been larger than 
our estimate of it 

Cntena discussed before (13) have permitted us to 
evaluate the significance of differences In cardiac output 
estimations ra statistical tenns^ 

The subjects were lying at rest 15 or more hours after 
thdr last meal Ward patients were brought to the lab- 
oratory m a wheel chair and lay on the bed over % hour 
before the first estimation The one outpatient (W B ) 
lay down for 1 hour before the first estimation. 

RESULTS AND DISCUSSION 

The results in Case L. S , m which we have 
observations of blood pressure and pulse rate just 
before pain began, have been set forth in detail 
in Figure 1 This was our most intelligent sub- 
ject, and he was able to give a clear account of 
the vanations m mtensity of his pam A very 
nervous individual the attack was probably in- 
duced by exatement 

Table I gives the results secured in the other 
three patients The action of digitalis 'was per- 
haps a factor m the induction of attacks m Ceases 
\V B and A K. Estimations of cardiac output 
had been made previously on both these patients 
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Fig 1 Observations Made Before, During, anp After an Attack of Angina 

Pectoris in Case L S 


The figures gi\en for cardiac work include onl> that part contributed the left ^cntncIc 


without causing them discomfort In Case K P 
the attack was induced by adrenalin, given without 
knowledge that the patient had had angina pre- 
viously 

In every case the work of the left ventricle 
was greater during the pam than when the pa- 
tient was comfortable When these results are 
averaged, the increase of work during the pam 
IS statistically significant Increased blood pres- 
sure was a factor m the elevation of the heart's 
work in every instance Cardiac output increased 
in three of the four cases This increase is sig- 
nificant in each of these cases, when the difference 
IS judged by the standards which we have set for 
ourselves (13) In Case W B no change of 
cardiac output during pam was demonstrated, but 
the blood pressure rose to a level higher than that 
found m any other case 

In Patients L S and K P estimations were 
made during both mild and more severe pain 
The results indicate that the greater the heart's 
work the more severe the attack, but we do not 


ha\c sufficient data to make the differences sig- 
nificant 

Changes in oxygen consumption during the 
pain were usually small except after adrenalin, 
and ivhcn these results arc omitted the average 
change is not significant 

Respiratory volume was usually larger during 
pain, Case W B , after nitrites, being the only 
exception 

The pulse rate was faster during pain m three 
of the four cases, the slowing in the remaining 
case was due to digitalis 
After the pam had been relieved by nitro- 
glycerine, the blood pressure and the heart's work 
were lower in both the patients to whom this drug 
was administered After this drug the cardiac 
output was significantly lower in Case L S It 
was elevated, but not significantly, m Case W B 
The pulse rate fell markedly in both instances, a 
result the opposite of that which usually follows 
the administration of nitroglycerine to normal 
subjects 



WORK OF HEART DURING ANGINA PECTORIS 


289 


TABLE I 


Data obtained durtng and between attacks of angina Pedons 
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SUMMARY AND CONCLUSIONS 

In four cases of cardiac pain, three of them 
suffenng from typical angina pectons estimations 
of cardiac output, basal metabolic rate blood pres- 
sure, pulse rate, and respiration were made dur- 
ing the pain and, under comparable condihons, 
when the patients were free from ib In one case 
a necropsy was secured The changes following 
rehef by nitroglycenne were studied in two cases 
The results indicate that the work of the heart 
^vas significantly greater dunng the pain than 
when the patients were free from it 
The results are consistent with the widely ac 
cepted view that cardiac pain is caused by situ 
ations demanding mcreased cardiac work when 
the heart’s blood supply cannot be mcreased 
correspondingly 

CASE REPORTS 

Case L S A white man height 5 ft. 2 iru weight 
107 pounds, age 50 m 1931 He had been well tiD 2 
yean before admission Then, while doing hard physical 
work he w'as seized by a severe attack of sub sternal 
pain lasting ^ hour Residual soreness for 3 days fol 


lowed After this attack he had frequent attacks of 
snbstemal ^‘pam and pressure’ on undue exertion, al 
ways less severe than the Initial attack and lasting 5 to 
10 minutes after cessation of activity Nitrites afforded 
pronipt relief nitroglycerine was taken almost daily 
during the week pnor to admission. Finally on Octd>cr 
3 1931, after a struggle with a refractory door in the 
outpatient department he bad such a severe pam that 
he was sent to the ward 

Physical examination revealed the followmg A nerv 
ous individual, substemal pain passing off hyperesthesia 
of upper portion of chest Pulse 104 blood pressure 
132/W Otherwise, examination was essentially negative. 
Orthodiagram — cardiac area 81 cm sq (normal) Elec 
trocardiogram — QRS split m Lead II slurred m Lead 
III deep Q HI T inverted m all leads 

On October 9 1931 an estimation of cardiac output 
was planned Shortly after bcginiung to breathe through 
the mouthpiece he complained of subxtcnial pam and 
coinadently blood pressure rose from 140/90 to ITO/llQ 
The estimation was abandoned and 0.3 mgm mtro- 
glyccrme administered with prompt relief 

On October 12, 1931 a second attempt was made and 
Lead II of the electrocardiogram was connected also 
He had no pam on amval at the laboratory but an 
attack developed durmg the inhalation of ethyl Iodide, 
and the first estimation of cardiac oirtput was made al Its 
height After this was o\cr pam subsided but 
persisted during the second cstnnatiott. A third 
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Uon u'as made after nitroglycerine had completely re- 
lieved him Figure 1 shows the results The electro- 
cardiogram showed nothing of interest 
He continued to ha\c simihr attacks in the Hospital 
On October 31 he had a severe one during a gastro-m- 
tcstinal x-r\> examination 

On November 6, 1931, he was seized with a sc\cre 
pain about midnight, nitrites failed to rchc\c it and 
morphine was required Electrocardiogram showed evi- 
dence of acute coronary thrombosis He died 12 hours 
later Necropsy wns not pcrmillcd Diagnosis angina 
pectoris, coronary tlirombosis 
Case IV B A white man, 5 ft 6 in till, weight 157 
pounds, age 56 m 1933 

In 1931, the Wisscrminn wis found to be strongly 
positi\c, the heart wns enlarged (orthodngram plus 
27 per cent) with signs of aortic regiirgitilion of mo{l- 
crate degree Blood pressure was 150/50 Antiluctic 
treatment was commenced and was continued, with in- 
termissions, until his death 

In 1932, he began to ha\c attacks of sc\crc substcrnal 
pain, radiating down both arms, and induced Iiy exer- 
tion These attacks were rchc\cd b\ nitroglsccnnc He 
soon became unable to work, hiMng anginal attacks on 
slight exertion scNCral limes a week 
On May 6, 1933, basal cardiac output was estimated 
unc\cntfully After this, he was put on 015 gram of 
digitalis daily 

On May 20, 1933, a second estimation of basal cardiac 
output was performed after an hour’s rest on the bed 
He complained of substcrnal pam soon after inhalation 
had begun, and it persisted without great scNcniy till the 
first estimation was completed He was then gnen 06 
mgm nitroglycerine under his tongue which rclic\cd 
the pain and restored the blood pressure to its prcMoiis 
level m 5 minutes A second group of estimations was 
then performed Table I gi\cs the results On conclu- 
sion he w^as told to discontinue digitalis 
A month later another duplicate estimation of basal 
cardiac output was made without discomfort 
During 1934, the anginal attacks grew steadily more 
frequent and severe One day he needed 27 tablets of 
nitroglycerine- 

In January 1935, he \vas admitted to the ward in con- 
gestive failure He died a week later 
Necropsy disclosed syphilitic aortitis and aortic \aKai- 
litis, hypcrtropliy and dilatation of the heart, an infarct 
of the lung, bilateral pleural effusions, and passive con- 
gestion of the abdominal viscera The aperture of the 
left coronary artery was narrowed so that a small probe 
was admitted with difficulty, the right aperture was nor- 
mal The coronary vessels showed moderate yellow m- 
timal thickening and w^rc unobstructed 
Clinical diagnosis Syphilitic heart disease with aortic 
valvulitis and regurgitation, angina pectoris, left coronary 
obstruction 

Case K P K white man, bom in Poland, ^vas 5 ft 
2 in tall, 156 pounds in weight and 50 years old in 1936 
He was well till 1928 when he developed vague pains jn 
his hmbs diagnosed as arthritis, whicli persisted, with 


numerous remissions, until admission in 1933 Deafness 
and failing vision were additional complaints Physical 
examination rc\ calcd a man of very low intelligence, an 
appearance suggestive of myxedema, infected tonsils, a 
boggy prostate, and signs of mild arthritis of nght knee 
and of intcrphalangcal joint of right thumb The rou- 
tine laboratory tests were negative. Basal metabolic 
rale was — 5 per cent ThyToid w^s not given Tonsil- 
lectomy was performed, and the prostate massaged twice 
weekly He wais discharged improved 

In the summer of 1935 he began to complain of 
dyspnea on exertion, also of substcrnal pain on climbing 
stairs He returned to the Outpatient Department in 
December where he w^as found to be much confused 
mentally with a basal metabolic rate of — 33 per cent 
He wns gnen tlnroid and, not doing well, was sent to 
the ward 

The patient was so dull that no history of angina was 
obtained on admission Physical examination wais essen- 
tially as before Orthodiagram showed the heart to be 
30 per cent larger than predicted. Electrocardiogram 
showed a PR intcnal of 0 16 second and small T w^%cs 
in all hmb leads 

In ignorance of the presence of angina pectoris, the 
patients cardiac output was estimated on January 28, 
1936 After control estimations he was gi\cn 1 cc. of 
epinephrine subcutaneously and a second set of obscr\a- 
lions begun Substcrnal pam began before any samples 
Ind been taken, and the first estimation w’as made while 
it was mild but increasing The second estimation was 
made while pain was sc\crc, and the blood pressure at 
its height The blood pressure and pain diminished after 
the estimation had been completed, but slight distress 
and some clc\aition of blood pressure were still present 
45 minutes later He had no other attacks while m the 
Hospital 

He was discharged on a larger dose of thyToid and 
soon felt much better, but late in I^Iarch 1936, baling a 
number of indefinite complaints, he was readmitted 
Basal metabolic rate wais now — 27 per cent On Apnl 
17tli basal cardiac output was estimated again, uncicnt- 
fully The results arc gnen in Table I 

Since discharge, he has continued under supcmsion of 
the Outpatient Department Therapy has been aimed 
both to keep him comfortable and to keep his metabolic 
rate low enough to prevent undue angina. This has been 
successfully accomplished 

At date of writing (1938), he is doing light w^rk and 
reports that he has only infrequent attacks of substcrnal 
pain, nc\cr severe enough to require nitrites Clinical 
diagnosis Myxedema, angina pectons 

Case A K A white man, 5 ft 11 in tall, 190 pounds 
in weight, age 59 in 1935 

Hyperthyroidism and subtotal thyroidectomy in 1912 
Auricular flutter was diagnosed by electrocardiogram in 
1914 and has persisted to date During this period 
he was admitted to the ward repeatedly for head- 
aclic, nervousness, palpitation, bclcliing, constipation, and 
atypical precordial pain This pam was often present 
for several days at a time. A dull ache, it was never 
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severe, and did not radiate. No sense of constriction 
accompanied it. When present during rest, it was made 
mnch worse by exertioa 

In 1935, increased shortness of breath led to his ad 
mission Physical examination showed slight peripheral 
arteriosclerosis, rales at lung bases, enlarged heart (or- 
thodiagram plus 42 per cent) , electrocardiogram showed 
flutter with bloch varying from 2 to 1 to 4 to 1 Blood 
pressure averaged 190/115 The ventricular rate varied 
from 130 to 60 X ray suggested lueuc ostcopcrlosttis 
of skull left tibia, right fibula. The rales disappeared 
after a few days. The Wassennann was negatve. 

On April 26, 1935 the patent had received no dig! 
tabs for over a month. Duplicate cstmations of basal 
cardiac output were performed uneventfully After this 
he was placed on digitalis. 

By May 1, 1935 he was fully digitahzcd but was 
suffering from precordial pain as described above. This 
persisted throughout both dupheate estimations of car 
diac output Table I gives the results 

After tins date digitalis was discontimicd. The pam 
goon disappeared, but the pulse became more rapid and 
irregular Digitalis was begim again but precordial pam 
returned almost immediately It was discontinued and 
relief followed again 

He left the hospital soon after and has not been 
Been since. Chmeal diagnosis Hypertensive cardiovas 
cular disease auricular flutter atypical precordial pam 
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CRITICAL REMARKS ON THE DETERMINATION OF URINARY 
EXCRETION OF ASCORBIC ACID 

By M van EEKELEN and M HEINEMANN * 

{From the laboratory of Hygiene University of Utrecht Netherlands) 

(Rccd\ed for publicabon January IS 1938) 

Szent-Gyorgyi (1) Svirbely and Szent Gyorgyi van Euler and Klussman (4), van Eekden ct al 
(2) and Tillmans (3) have demonstrated that (5), and Hams et al (6) Hams et al (6), 
ascorbic acid possesses reduang properties, and van Eckelen et al (7), and Johnson and Zilva 
that it can be determined by titration with the (8) have shown that following the intake of large 
redoxKlye 2,6 dichlorophenol mdophenol It amounts of ascorbic acid the unnary excretion of 
therefore became possible to measure this vitamin reducing substances increases Apphcation of 
in tissues and body flmds In unne, an indo- reduction reaction to the quantitative deter- 
phenol reduang substance was demonstrated by nunatioo of ascorbic aad requires that other re- 

. — duemg substances be removed or prevented from 

^At present Research Fellow m the Department of reacting by controUmg the conditions Titration 
Internal Medicine, Yale University School of Mediane. m an add medium excludes ferrosalts and gluta 
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Fig 1 The Intxuence of Dietary Protein on tue Excretion of NoNSPteme 
Reduonq Substances 


mem. ce\ntamtc acid m urme after precipitation with mcrcunc acetate, 
m 24 hours. 


I f total redaemgr substances in 24 hours expressed as rngm. cevitamic add 


I low protein diet 

II high proton diet 
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Fig 2 The Influence of Cystine on tuf Excretion 
OF Nonsfecific Reducing Substances 

mgm ccMtamic acid m urine after prccipita- 
tion with mercuric acetate, in 24 hours 

I j total reducing substances in urine expressed 
as mgm ceMtamic acid, in 24 hours 
I low protein diet 

tliione (10, 11, 12) Other substances, eg , cys- 
teine, ergothionine, thiosulphate, interfere even in 
an acid medium These substances can be re- 
moved by precipitation with mercuric acetate (13, 
14, 15) or avith barium acetate (16) Some ex- 
periments will be presented demonstrating the 
magnitude and the variability of the errors hich 
may be incurred if these interfering substances 
are not removed Furthermore, tlie technique of 
the saturation test will be discussed 

Since our method has not been described in 
the Amencan literature, it will be given m some 
detail 

METHOD 

Reagents One hundred mgm of 2,6 dichlor- 
ophenol mdophenol (Hoffman-LaRoche) are dis- 
solved in 500 cc of distilled water at 85° C, 
filtered, and approximately 0 2 gram of NaHCOs 


added This solution is standardized against 
crystalline ascorbic acid (levo-ascorbic aad 
Roche) and is fairly stable for a period of a few 
weeks if kept in a cool dark place It must, how- 
ever, be standardized once a week In the course 
of a month we have noted a decrease m concen- 
tration of not more than 5 per cent 

^Icrcuric acetate, 20 per cent solution, filtered, 
after standing 2 da}S, to remove Hg (OH), 
formed bj hydrolysis 

Tnchloroacetic aad 3 per cent and 10 per cent 
Procedure Freshly voided urine- has been 

M6. 



Fig 3 The Excretion of Nonspeofic Reducing 
Substances by a Diabetic Patient 


mgra cc\ itamic aad per ml of unne after pre- 
apitation wtli mercuric acetate, 
j ’■ I total reducing substances per ml unne ex- 
* ■ pressed as mgra ceMtamic aad 


2 No satisfactory method is a^^llable to pre\ent loss of 
ascorbic acid from unne on standing (8, 21, 22) 
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titrated with and without the removal of interfer- 
ing substances in human subjects under vanous 
conditions In the direct titration of unne with- 
out preliminary removal of nonspeafic reducing 
substances, 1 or 2 cc, of unne arc acidified with 
5 cc, of 3 per cent tnchloroacetic aad and titrated 
at once Titration is earned out from a micro- 
burette contaming the dye mto a white porcclam 
evaporating dish, which contains the aliquot to be 
assayed 

To elimiTtate mterfcring substances, 20 cc. of 
the mercunc acetate solution are mixed with 10 
cc. of freshly voided unne m a 40 cc. centrifuge 
tube and centnfuged for 2 minutes H S is im- 
mediately bubbled through tlie decanted super- 
natant fluid The time elapsmg between addition 
of mercunc acetate and treatment with H^S 
should not exceed 10 minutes in order to avoid 
irreversible oxidation of the vitamin Treatment 
\vith H,S IS continued until no more mercunc 


sulphide IS formed from the surplus mercunc 
acetate m the solution The solution is then fil- 
tered, resaturated with HjS, stoppered with a cork 
and kept in a dark place for at least 6 hours 
Thereafter, the H 3 S is removed with a contmuous 
stream of O, free mtrogen or carbon dioxide, 
until lead acetate paper docs not darken Five 
cc. of this filtrate is titrated after adding 1 cc of 
10 per cent tnchloroacetic aad With unnes 
contaimng large amounts of ascorbic aad, a 
smaller aliquot is taken, eg, 1 cc , in which case 
5 cc of 3 per cent tnchloroacetic aad are added 

Solid banum acetate has been used to remove 
intcrfenng reduang substances m place of mer- 
cunc acetate solution thus eliminating the need 
for H,S In general, the values obtained by this 
method, if It IS earned out immediately after the 
unne has been voided, agree closely with those 
found after mercunc acetate preapitation. 

Saturation test After depletion of ascorbic 



Fig 4 The Excretion or Nonspecific REunaNO Substances by a Tubeecuious 

Patient 

A aod B repre se nt djficrcnt saturation tests 



d-hour urinary excretion of mgm. cevitamic aad after preapitaUon with 
mercunc acetate. 

6 hour urmary cxcrcUon of total reduang substances expressed as mgra. 
ccntamlc aad- 


1 
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Tig S The Excretion of NoNSPEanc Reducing Sud- 
STANCES BV A PaTIENT ^\ ITH PfPTIC UlCER DURINC 

A Saturation Test 

V^/Z^X 6-hour unnar> cxcrcUon of mpm ccvitanruc 
acid, after precipitation with mercuric acetate 
J ' " " "I 6-hour unnar>' excretion of total reducing sub- 
^ " stances expressed as mgm ccMtamic acid 

acid repeated doses of this vitamin can he given 
without any increase in urinary excretion until 
the deficiency has been completely corrected 
The point at which urinary excretion increases 
under these circumstances is taken as the satura- 
tion point At this point the ascorbic acid con- 
centration in whole blood is quite regularly 14 
mgm per liter (17) The dose neccssar}’' to pro- 
duce this saturation and a consequent increase m 
urinary output is inversely proportional to the 
amount of the vitamin stored in the body 
Therefore, the saturation test has the practical 
importance of demonstrating various degrees of 
hypovitaminosis, the effects of administered as- 
corbic acid varying with the degree of saturation 
or depletion of the organism concerned 

These effects depend, too, on the rapidity of 
absorption In an organism depleted of ascorbic 
acid, the capacity of the tissues to take up ascorbic 
acid from the blood stream may, following intake 
per os, be so great that moderate doses are ab- 
sorbed completely without increase of urinary 
excretion In the same subject, a similar dose 


given by parenteral route might cause a transitory 
increase m urinary excretion, not because the 
tissues arc truly saturated, but because even un- 
saturated tissues require tune to take up the 
vitamin This is especially true if the vitamin is 
given intravenously, since in this case the con- 
centration m the blood is elevated so suddenly that 
a transitory overflow into the unne simulates a 
peak of saturation That this is true is corro- 
borated by the observation that the same dose 
guen per os the next day causes no surplus ex- 
cretion (17) Contrasting the various methods 
of administration, Hawley and Stephens (18) 
and Hcmemann (19) have shown the surplus 
output (in a saturated subject) during the first 
6 hours folIo\\ing intake per os to be about 50 
per cent of the 24 hour excretion After sub- 
cutaneous injection, approximately all of the sur- 
plus excretion occurs in 6 hours Whereas, fol- 
lowing intake per os, the rise in tinnat*} excretion 
takes place m tlic second 3 hours of the 6-hour 
period, it IS obsciw’cd in the first 3 hours following 
subcutaneous injection (20) The quantity of 
ascorbic acid gi\cn also influences the rise of con- 
centration in the blood A verj large dose, rp, 
1000 mgm as a single dose per os, may induce 
plicnomcna similar to those observ^cd after intra- 
\cnous administration For this reason most in- 
\cstigators nc\cr use a dose greater than 300 
mgm at one time 

Saturation tests, therefore, should be earned 
out bN gning ascorbic acid per os or, for special 
purposes, subcutaneously, and in modest daily 
doses Intra\cnous administration of even 
modest doses or intake b} mouth of an excessively 
large dose at one time can simulate saturation by 
causing a unnary surplus axcrction before the 
depletion of the body has been overcome 

Examples demonstrating the independence be- 
Uveen total reducing capacit}^ of the unne and 
that resulting from ascorbic acid only are given 
below' In order to simplify the technique of 
saturation tests, the procedure prcviousl}' fol- 
lowed, observation of unnary excretion for a 
period of 24 hours, has been altered in tlie follow- 
ing way (19) immediately after voiding at 9 a m , 
ascorbic acid is given and its concentration in the 
unne is determined in samples voided at 12 pm 
and 3pm respectively 

Subjects on a high protein diet or after intake 
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Fig, 6 The Excbetion of NoHSFECinc Reducino Sxjbstances by a 
Patunt with Peptic Ulcih dueiko Two Dipferent Saturation 
Tests A and B 

6-hour urmary excretion of mgm, cevitaimc actd after predpi 
V/////A tation with raercunc acetate. 


LID 


6-hour urmary excretion of total reduang subatances expressed 
as mgm cevitamic acid. 


of cystine excrete a large quantity of reduang 
substances even though the ascorbic aad intake is 
maintained at a constant level (21) In Figures 
1 and 2 the error of direct titration of unne is 
demonstrated, the tall blank columns indicating 
total reducmg substances and the dark columns 
the total amount of ascorbic aad after mercuric 
acetate prcapitation In certain pathological con- 
ditions (diabetes (Figure 3), tuberculosis (Fig 
ure 4), peptic ulcers (Figures 5 and 6)) the ex- 
cretion of large amounts of unspeahc reduang 
substances other than ascorbic aad has been ob- 
served Even in these diseases the excretion of 
reduang substances other than ascorbic aad has 
been observed to \^ry largely from patient to pa- 
tient and m the same individual from day to day 


It so happens, that in Figure the total reduc- 
ing capaaty parallels the amount of ascorbic aad 
excreted , in Figure 4S a second saturation of tlic 
same patient has been earned out and an increase 
in the output of total reduang substances is ob- 
served after a dose of 1500 mgm of ascorbic acid 
while surplus output of ascorbic aad occurs only 
after an intake of 2100 mgm A similar obser- 
vation IS given m Figure 6/4 (increased total re 
duang capaaty after 900 mgm., surplus e.xcretion 
of ascorbic aad after 2700 mgm ) and Figure 6S 
(parallelism between results of direct titration 
and that after mercunc acetate preapitation) 

From the foregomg examples it follows lliat 
the total reduang capaaty of unne, estimated by 
direct titration can be very high while ascorbic 
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aad IS found in normal amounts This high total 
rcduang capacity is chiefly due to thiosulphate 
(16), a fact on which the method of its elimina- 
tion with barium acetate is based 
In connection with these observations there are 
certain other problems that must be discussed 
Hams cf al (23), Abbasy ci ol (24), Youmans 
ct al (25) claim that healthy people, under nor- 
mal nutritional conditions (with a suflicient supply 
of vitamin C, but not saturated), excrete daily 
urinary amounts which are nearly constant 
Based on these obsen^ations, a normal level of 
unnary output is supposed, excretion below this 
level consequently is considered as demonstration 
of deficiency These levels are based on direct 
titration, Avhich, as has been shown above, cannot 
be regarded as reliable In a number of observa- 
tions we have noticed that the urinary output of 
ascorbic acid, estimated after precipitation by 
mercuric acetate, declined when no vitnimn C uas 
taken On the other hand, when only 60 per cent 
of the daily dose required to maintain saturation 
was taken, no decrease m urinary output could be 
observed m spite of decreasing ascorbic acid con- 
tent of the blood (22) Furthermore, the daily 
urinary output can differ under normal dietetic 
conditions, one of us having an average excretion 
of 12 Ttigm , the other of 23 mgm daily (after 
precipitation with Hg — acetate or Ba — acetate) 
Cognizant of the fact that even m the same indi- 
vidual daily fluctuations can occur, it would be 
difficult, if not impossible, to distinguish a nor- 
mal level of urinary excretion 

Biological assay indicates that the substance 
causing increased reducing power of the urine 
after massive doses of ascorbic acid is indeed 
ascorbic acid (9) Whether or not the small 
normal excretion actually represents ascorbic acid 
has not been established yet and seems of little 
importance for the purposes of our studies 

SUMMARY 

Ascorbic acid m urine cannot be determined 
reliably by direct titration with 2,6 dichlorophenol 
mdophenol Reduang substances other than as- 
corbic acid, present in unne, also decolorize this 
indicator They can be removed by precipitation 
with mercunc acetate The excretion of these in- 
terfering substances can increase considerably, 


under various conditions, and independently of 
that of the vitamin 

The technique and significance of saturation 
tests have been discussed 
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When CJoldblatt and coworkers (1) in 1934 
first announced that a significant and sustained 
elevation m artenal blood pressure could be pro- 
duced in dogs by constnction of the renal arteries 
they also reported a few experiments in which 
the level of the guanidine bases m the blood 
stream of these ammals had been followed Al- 
though their prehrmnary studies indicated that 
these substances were not involved m either the 
production or maintenance of this type of expen- 
mental hypertension, they suggested that the re- 
sults were not conclusive and that the group as 
a whole deserved further study It is the pur- 
pose of this report to record the results of several 
experiments which have been undertaken in this 
laboratory m an effort to determine what rela- 
tionslup, if any, these bases bear to this type of 
hypertension, 

Tliat there might be some relationship between 
the guanidine bases and hyperpiesia is not a par- 
ticularly new concept In 1924 Major and 
Stephenson (2) emphasized that many of these 
substances produced a marked and prolonged 
nse m blood pressure Following Major’s in 
itial studies several efforts have been made to 
demonstrate an mcreased amount of the guanidine 
bases in the blood of h>pertensive patients (3) as 


which may be produced by constnction of the 
renal artery 

METHODS 

Male and female dogs weighing between 10 and 12 
kgm. have been used throughotrt the expenmenU The 
daily determinations of blood pressure ha\e been made 
cither by the Van Leersum carotid loop method or m 
several of the shorter expenraents by direct artenal 
puncture. Constriction of the renal artery has been 
obtained by either the Goldblatt clamp or small silver 
clips designed m this laboratory complete occlusion of 
the artery has been accomplished by ligature with heavy 
silk. The blood urea nitrogen and nonprotem nitrogen 
have been determined by the usual methods. The level 
of the guanidine bases has been determined by the col- 
ororactric method of Major as modified by Mjnot and 
Dodd (5) These chemical studies have been made in 
all cases on blood withdrawn from the jugular vein at 
least eighteen hours after the last intake of food. All 
animals have been fed a normal balanced diet 

The experiments which have been undertaken are given 
below 

Experiment / Severe hypertension was produced in 
two dogs with but a single kidney and that transplanted 
to the femoral vessels This was accomplished by con 
stneting the femoral artery with a small silver clip 
Both of these animals died and at autopsy diffuse nc 
crosis of the kidney was found in each Instance, The 

TABLE 1 
Experiment I 


well as in eclampsia (4) That these mvestiga- 

tions have been inconclusive is evidenced by the 
contradictory nature of the reports that have ap- 
peared up to the present time. Of further m 
tercst arc the experiments of Minot and Dodd SA-37 
(5) who report that an accumulation of guanidine 
bases is present in the blood stream of dogs in 
which a nan necrosis has been produced There- 
fore not only because of the normal existence of 
these substances and their excretion by the kid- 
ney but also because of their relationship to 
degenerating tissue it has seemed significant to 
establish what relationship, if any, the} might 
bear to that typt of experimental bypCi 
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blood pressure, blood urea nitrogen, and guanidine base 
values arc given in Table I 
Experiment II A marked nse in blood pressure was 
produced in three normal animals by constriction of both 
renal arteries, and in one dog with a single kidney which 
had been transplanted to the femoral vessels by con- 
striction of the femoral artery In all three of these a 
persistent h>pertcnsion was produced The \alucs arc 
given in Table II 


TADLL II 
Experiment II 


Dor 

number 

Date 

Blood 

preffsurc 

Non 

protein 

niiroRcn 

- 

Blood 

urea 

niiroRcn 

Guanidine 

bare 


1057 

mm lie 

msm pn 
100 cc 

mrm per 
100 cc 

mjcm per 
100 cc 

SA-37-75 

May 13 

130 





May 14 
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17 7 

06 


May 14 

Constriction of both renal artcnca 
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08 


June 10 

180 


18 6 

09 


June 16 

170 


20 9 

09 


Erpenment III Two animals have been studied m 
which there had been an elevated blood pressure for 
over SIX months As the initiation of the hypertension 
in these animals antedated these experiments no normal 
values are available (Table III) 

Expenmenf IV In an attempt to gam a nearer ap- 
proach to the significance of the guanidine bases four 
ammals were studied in which one renal artery was 
ligated In two of these the ligature was removed after 
a few days in an effort to promote absorption of necrotic 
renal tissue. 

Erpenment V As there seemed little doubt but that 
the values for the guanidine bases paralleled those ob- 
tained for the blood urea nitrogen and, when determined, 
the nonprotem nitrogen, it seemed of sigmficance to con- 
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Expenment III 
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TABLE IV 
Expenment IV 
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trol these expenments by perfoniung similar detenmna 
bons on bilaterally nephrectomlred dogs 

DISCUSSION 

In analyzing the above results as they appear 
under their vanous headings, one fact of particu- 
lar significance is evident, that in general the rise 
in guanidine bases parallels the nitrogen reten- 
tion in the blood stream irrespective of the blood 
pressure Dogs SA-37->61 and SA-37-77 in 
whidi bilateral nephrectomy was undertaken 
show a nse m guanidine bases comparable to Dogs 
SA-37-2ad and SA-37-3ad which died follow- 
ing restnction of the renal blood supply No 


TABLE V 

Expenmeni V 
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hypertension appeared in the nephrectomized ani- 
mals, while the nse was marked in those in which 
the femoral artenes were constneted The ques- 
tion may be brought up whether or not these 
latter two animals merely died from renal insuf- 
ficiency Undoubtedly this played a part, but 
their death was assoaated with a marked degree 
of h3q)ertension, a phenomenon not sho^vn by 
animals dying in total renal insuffiaency such as 
IS demonstrated by nephrectomized dogs 

In the experiments in wluch an acute nse in 
blood pressure ^vas produced by constriction of 
the renal arter\ and following winch the animals 
survived, Dog SA~37--75 showed an m significant 
transient nse m blood pressure folloiving the first 
cohstnction w ithout any change m the blood urea 
nitrogen, the nonprotein nitrogen, or the guani- 
dine bases Followng the furtlier constnction 
of the artenes, there a marked nse in blood 


pressure accompanied by but sbght nse m non- 
protem nitrogen, blood urea mtrogen, and guam- 
dine bases In Dog SA-37~81, however, there 
was a marked nse in blood pressure, moderate 
nse m nonprotein mtrogen, blood urea nitrogen, 
and guanidine bases These two expenments are 
compatible, wuthin tlie bmits of expenmental er- 
ror, witli a conclusion that any nse in guamdme 
bases is related merely to tlie degree of mtrogen 
retention In Dog SA-37-73 a contradiction is 
found to this conception for here is an animal m 
which an elevated blood urea mtrogen is asso 
aated with an mcreased blood pressure while the 
guanidine bases are normal In fact, as the blood 
pressure and blood urea mtrogen fall, there is 
even a sbght nse m guamdine bases This ani- 
mal cannot be justly compared with the first two 
for the expenmental situations differ somewhat 
this animal possessed but one kidney and that 
transplanted Although this theoretically should 
be of little significance, still it vitiates companson 

When tlie two animals with hypertension of 
long standing six and eight months respectively, 
are compared, the blood urea mtrogen and non- 
protem mtrogen and guanidme bases are found 
to be normal, yet botli of these animals show ele- 
vations in blood pressure far above tlieir normal 
level 

In the last group m which a correlation between 
the absorption of necrotic renal tissue, hyperten- 
sion, and the guamdine bases w^ attempted, the 
results are contradictory In three, Dogs SA- 
37-52, SA-37-70, and SA-37-74, ligature of the 
renal artery w'as followed wnthin twenty four 
hours by a nse m blood pressure In Dog SA- 
37-73 no nse appeared, at least not until late in 
the course of the expenmenL In Dogs SA- 
37-52, SA-37-73 and SA-37-74 there were no 
sigmficant cliangcs m the blood urea nitrogen, 
nonprotem nitrogen, or guamdine bases But m 
Dog SA--37-70 all of these three factors showed 
a moderate transient nse. No explanation can 
be gi\’^ for this otlier tlian to suggest that this 
ammal expencnccd some difficulty in rapidly ac- 
commodatmg itself to the functional rcmo\nl of 
one kidney It will be noticed that tlicse values 
returned to normal after thirteen days 

In Dogs SA-37~52 and SA-37-70, the ligature 
wTis removed from the artery m an attempt to pro- 
mote a more rapid absorption of n 
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tissue No unusual results of this procedure were 
noted, as reflected m either the blood pressure, the 
blood urea nitrogen or the guanidine bases 

CONCLUSIONS 

1 The guanidine bases in the peripheral blood 
stream nse following bilateral nephrectomy 

2 The guanidine bases rise in the peripheral 
blood stream in animals in which both artcncs arc 
partially constricted This rise is rouglily pro- 
portional to the nitrogen retention, and apparently 
depends on the degree of renal damage occasioned 
by constriction of the artery 

3 The guanidine bases do not nse in the blood 
stream following ligature of one renal artciy, un- 
less a nitrogen retention appears, which m turn is 
apparently dependent upon the occasional inability 
of the normal kidney to take over immediately 
the function of the opposite organ 

4 No etiological relationship could be demon- 
strated between this type of experimental hyper- 
tension and the appearance of the guanidine bases 
in the blood stream occasioned either by partial 


constriction of one or both renal artenes, or by 
ligature of one renal artery 
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There are many questions which are still ob- 
scure concerning the action of vitamin D One 
of the most important is whether the decrease of 
tlie calcium and phosphorus in the feces resulting 
from its admmistration is the result of increased 
absorption or of decreased reexcretion This is 
difficult to answer unless one administers calaum 
or phosphorus intravenously Whether the ac- 
tion IS primarily on the calaum metabolism with 
secondary changes m the phosphorus metabolism 
or vice versa is also unsettled It is likewise 
Uncertam whether the parathjroid glands play 
any part m the metabolic changes foHowng vita- 
min D admimstration The present studies were 
imdertaken to answer these and other questions 
The data come from metabohe studies on four 
pabents The first pabent was a boy of four- 
teen years with a form of nckets resistant to 
vitamm D therapy His case history was re- 
ported by Albnghh Butler, and Bloomberg (1) 
The essenbal features were that m spite of what 
would be usually considered as adequate vitamin 
D therapy he had had nckets all his hfe, that a 
bone biopsy showed that the condibon was ac- 
tually nckets with wide osteoid seams, that the 
ahnonnalibes m his calaum and phosphorus 
metabohsm were m the same direcbon as those 
in ordmaiy mfanbJe nckets namely a normal 
serum calaum level a low serum inorganic phos 
phorus level, a high serum phosphatase level and 
an mcreased excrebon of calaum and phosphorus 
in the feces, that the usual doses of vitamin D 
had no effect on these abnormahbes, that, how- 
ever, massive doses of vitamin D such as 45 cc, 
of viosterol (=450,000 lU (Intemabonal 
Units) ) daily did correct the abnormalibes With 
these large doses six clianges resulted the scrum 
calaum and phosphorus levels were elevated the 
fecal calaum and phosphorus excrebons were 
decreased the unnary calaum excretion was in- 
creased, and the unnary phosphorus excrebon 
was decreased One further point of interest to 


the present discussion came out of the data of 
another arbcle (1) The removal of one hyper- 
plasbc parathyroid gland resulted m a prompt 
elevabon m the depressed serum inorgamc phos- 
phorus level and a fall m the serum calaum level 
This will be discussed below 

The second, third, and fourth pabents were all 
young individuals 'with idiopathic hypoparathy- 
roidism Thar case histones will appear else- 
where (2) 

Meiaboltc daia on Faitcnf 1 (M G H Number 

325 488) vmth nckets resistant to M^anim D 

In Table I are shown some data obtained dur- 
mg this pabent's fourth admission to the Massa- 
chusetts General Hospital The mam purpose of 
the study was to determme whether vitamm D 
affects the phosphorus metabolism by mcreasing 
the absorpbon of phosphate from the gastro-in- 
tesbnal tract or by decreasing its reexcrcbon Tlie 
plan was to give a large part of the phosphate 
mtravenously without -vitamin D admmistrabon 
durmg the control penods, to repeat yn\h large 
doses of -vitamin D during the study penods, and 
then with a conbnuabon of the vitamin D to give 
the phosphate by mouth 

Durmg the first two three-day penods the pa- 
bent was placed on a low calaum moderately 
low phosphorus diet The results were quite sur- 
pnsing Not only ^we the fecal calaum excre- 
bons not increased at the expense of the unnary 
excrebons (1), but the unnary calaum excrebons 
's\ere excessively high The explanabon, in all 
probability, of this change is that it represents an 
after-effect of previous vitamm D thcrapj Until 
five days before the mvesbgabon started, he had 
been taking 2 cc, of 2500 D -viosterol daily 
(200 000 I U ) Another faaor may have been 
that his bones were much less rachibc by that 
bme owmg to prenous treatment His phos 
phatase level m the serum vN'as sbll high however, 
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TABLE I 

Metabolic data oii Paltatt 1 with ricleis 


Three 

day 

ixiriod 

1 

1 Caldum 

Phosphorus 

Scrum 

Therapy 

Urine 

Fcccs 

In- 

take 

Dal 

nnee 

Urine 

Feces 

In 1 
take 

Bal- 

ance 

Caldum 

Phos- 
phorus I 

Phos- 

phatase 

1 

groTTrs 

0 61 

grams 

0 08 

trams 

0 30 

grams 

-0 39 

1 

grams 

1 69 

grams 

0 45 

grams 

1 78 

grams | 

-0 36| 

mgm per 1 
too cc 1 

1 

1 

mgm per 
lOOcc 

Bodanst^y 1 

1 

1 

1 

Low calcium diet 

2 

064 

0 08 

; 0 30 

-0 42 

1 69 

0 39 

1 78 

-0 30 


30 1 

i 

162 ' 

Low calaum diet 

3 

0 77 

0 18 

2 40 

+ 1 45 

1 17 

0 36 

1 78 

+0 25 


B 

B 

Same plus calaum lactate p 0 

4 

0 77 

0 91 

2 40 

+0 72 

1 11 

0 58 

1 78 

+0 09 


B 

B 

Same plus calaum lactate p 0 

5 

0 73 

0 95 

2 40 

+0 72 

102 

0 63 

1 78 

+0 13 


B 

B 

Same plus calaum lactate p 0 

6 





2 47 

0 50 

3 51 

+0 54 

9 3(1) 

10 7(11) 

28 1 
26 1 

18 3 1 
24 7 ' 

1 

Same plus phosphate 1 v 

7 : 

0 48 

1 16 

2 40 i 

+0 76 

2 25 

0 61 

3 51 

+0 65 

101(1) 

28 

173 

Same plus phosphate 1 v 

8 , 

0 43j 

0 86 

1 

2 40 1 

+ 1 11 

1 

2 23 

0 54 

3 51 

+0 74 

(1) 

2 6 

20 0 

Same plus vitamin D 

9 

0 87 

035 ! 

2 40 ; 

+ 1 18 

2 14 

0 37 

3 51 

+ 1 00 

9 6(111) 

3 1 

IS 7 

Same plus \utamin D 

10 

1 09 

0 25| 

2 40 

+ 106 

2 35 

0 39 

3 51 

+0 77 




Same except phosphate p 0 

11 

1 29 

0 21 

1 

2 40 

+0 90 

1 

2 36 

0 36 

3 54 

+0 82 

117(1) 

36 

14 8 

Same except phosphate p 0 

12 

1 35 

0 33 

2 40 ' 

+0 72 1 

2 41 

0 54 

3 54 

+0 59 

116(1) 

40 


1 Same without vitamin D 

13 

1 30 

0 25! 

2 40 1 

”{”0 85 

2 38 

0 29 

3 51 

+0 84 

- 

12 1(1) 

1 

40 

12 1 

Same without vitamin D 

14 

1 15 

0 40' 

1 

2 36 : 

+0 81 

2 54 

0 37 

3 41 

+0 50 


! 

i 


Same without ^ itamin D 

15 

1 09 

0 85 

1 

2 40 1 

1 

+0 46 

2 45 

0 75 

3 51 

+0 31 

11 2(11) 

38 

14 9 

Same without Mtamin D 


* Roman numeral indicates on which day of period blood determination was done 


Periods 3, 4 and 5 differed from 1 and 2 in 
that 700 mgm of calcium m the form of calcium 
lactate were given daily by mouth As will be 
seen from Table I, most of this was absorbed and 
only a small part was excreted m the unne, the 
calaum balance becoming markedly positive The 
fecal phosphorus was increased and the urinary 
phosphate excretion was markedly lowered The 
blood values remained unaltered It should be 
noted in passing that up to three weeks after the 
last viosterol treatment there was evidence of 
excellent absorption of calcium This shows that 
the patient^s resistance to vitamin D therapy was 
not caused by a rapid destruction of the vitamin 
Periods 6 and 7 differed from the previous 
three in that he received 575 mgm of phosphate 
intravenously daily The fecal phosphorus ex- 
cretion was not increased by this procedure, but 
the urinary phosphate excretion was markedly 


elevated There was considerable increase in the 
retention of phosphorus, and the unnary calcium 
excretion was decreased These data suggest 
that excretion of phosphorus into the gastro- 
intestinal tract was not influenced by the pounng 
of a large amount of phosphate into the blood and 
Avas probably a -very small factor, if existent at 
all, m this individual 

Periods 8 and 9 differed from the previous 
two m that the patient received 20 cc of ciy^stal- 
line vitamin D m propylene glycol three times 
daily (= 600,000 I U ) There ^vas a decrease 
m the already low fecal phosphorus excretion, 
without an increase m the unnary phosphate ex- 
cretion, and, therefore, an increase in the phos- 
phorus balance Inasmuch as reexcretion seems 
practically ruled out in this case supra) it 
seems certain that this change was a result of 
increased absorption The fecal calaum excre- 
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tion ^vas markedly decreased and the urinary cal- 
aum excretion was considerably increased 

Penods 10 and 11 differed from the previous 
two only m that the 575 mgm of phosphate which 
he was getting daily intravenously were given by 
mouth This caused no definite change m the 
phosphorus excretions, there beuig no rise m the 
fecal phosphorus values Thus the fecal phos- 
phorus level under the conditions of this experi- 
ment was not affected when phosphate was given 
intravenously or when it w^as given by mouth , it 
was increased when calcium was given by mouth 
and it was decreased by the administration of 
vitamm D The fecal calaum values, further- 
more, were not increased by the giving of phos- 
pliate by mouth but contmued their downward 
trend started m Period 8 with the administra- 
tion of vitamm D Thus the fecal calaum ex- 
cretion was not affected by the phosphate m the 
diet. It was increased when the calaum was^m- 
crcased m the diet , and it -was decreased by vita- 
min D The urmary calaum excretions con- 
tinued to increase dunng Penods 10 and 11 and 
botli the serum calaum and inorganic phosphorus 
values rose 

Penods 12, 13, 14 and IS differed from the 
previous two m that vitamin D vras discontinued 
There was little reversal of trends until the last 
penod Then tlie fecal calaum excretion rose 
sharply, the urmary calaum excretion fell, the 
fecal phosphorus excretion rose and the urinary 
phosphate showed no significant change 

The above observations are quite clear cut. 
When the modus opcrandi of vitamin D is under- 
stood, It is probable that the cause of each change 
will be apparent Tliere are many theones as to 
the action of vitamm D and obviously it will take 
many expenments to prove any one Before 
leaving the above data, however, it seems of in 
terest to see which of the possible hypotheses 
these data support 

Wlicn vitamin D was admimstered in suffiaent 
doses m this patient there resulted six metabolic 
sequelae decrease of fecal calaum, moderate de- 
crease of fecal phosphorus increase of urinary 
calaum, no increase of unnary phosphate, ele- 
vation of serum calaum, elevation of serum in- 
organic phosphorus In a previous experiment 
(1), furthermore, \vith the largest doses of vita- 
min D there w^as apparently a definite fall in the 


unnary phosphorus excretion The opposite of 
these changes occurred when vitamm D was 
stopped If one assumes these five clianges to 
be interrelated phenomena dependent on one fun- 
damental change, the data arc consistent wnth the 
hypothesis that vitamin D is pnmanly concerned 
With calaum (not phosphorus) and increases the 
absorption of calaum Tlius the sequence after 
vitamin D adrmmstrabon would be (1) increased 
absorption of calaum causing decreased fecal cal- 
aura excretion , (2) \vith increased absorption of 
calaum an increase m unnary calaum excretion 
(cf Penods 3, 4, and 5 where increased absorp- 
tion of calaum due to mereased intake caused in- 
creased unnary calaum excretion) , (3) with de- 
creased calaum in feces, an increased phosphorus 
absorption and hence decreased fecal phosphorus 
cxxu'etion (cf nse in fecal phosphorus values in 
Penods 3 4 and 5 when calaum %va 3 given by 
mouth) (4) with mereased calaum absorption 
an increased deposition of the calaum-phosphatc- 
carbonate compounds dabhte, into the bones so 
that in spite of the increased phosphate absorp- 
tion there is no inaeased unnary phosphate ex- 
cretion 

So much for the four excretory changes Be- 
fore discussmg the blood dianges it might be 
well to point out that if one starts wnth an in- 
creased phosphate absorption as the primary ac- 
tion of vitamin D one meets with difficulties 
Thus this would lead to a decreased fecal phos- 
phorus excretion, but an increased absorption 
should not be followed by a decreased unnary 
excretion Furthermore, since giving phosphates 
by mouth instead of intravenously had no effect 
on the fecal calaum excretions, it is hard to sec 
how an increased absorption of phosphate m this 
patient could have affected the fecal calaum ex- 
cretions The increased unnary calaum cxcre 
tions would be difficult to explain since the giving 
of phosphate intravenously decreased the unnary 
calaum excretions Note, furthermore, that the 
fecal phosphorus excretions went from a maxi- 
mum of 612 mgm before vitamin D therapy down 
to a minimum of 358 mgm with therapy The 
corresponding figures for calaum were 1157 mgm 
and 213 mgm 

How IS the elevation of senun inorganic phos- 
phorus as a result of vitamin D therapy toTx: 
explained? The obvious explanation is that 
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increased absorption of both calcium and phos- 
phorus there would be a tendency for both of 
these substances to rise m the serum There are 
certain difficulties, howerer The giving of large 
amounts of phosphate intravenously had no ef- 
fect on the scrum phosphorus level Further- 
more, dunng Period 6 with a scrum inorganic 
phosphorus level of 2 7 mgm he excreted 2465 
mgm of phosphorus m the urine, in Period 13 
with a blood value of 4 0 mgm he excreted 2376 
mgm in the unne Thus as the blood phosphorus 
rose as the result of therapy, less pliosphorus \\as 
excreted in the urine, or m any case there was 
no marked increase The findings can be ex- 
plained if one brings the parathyroids into the 
picture 

As pointed out in another paper (1) there 
IS considerable evidence to suggest that the para- 
thyroid glands are ovcractivc in rickets This 
patient's parathyroid glands were found to be 
hyperplastic at operation and removal of one 
gland was followed by a marked rise in the scrum 
inorganic phosphorus level and a fall in the serum 
calcium level This suggested that the preopera- 
tive values were kept where they w^ere only by 
an excess of hormone production When part 
of this production was stopped by the operation, 
the remaining tissue, since it was already overac- 
tive, was unable to "take up the slack" Now% 
if one assumes that the stimulus for parathyroid 
hormone production is a low" scrum calcium level, 
then as vitamin D increases the calcium absorption 
and raises the scrum calaum level, there would 
be less need for the parathyroid hormone With 
cessation of ovcractivity of the glands the scrum 
phosphorus would rise This rise would not lead 
to an increased phosphate excretion m the urine, 
as the nsing serum phosphorus level following 
parathyroidectomy is apparently the result of a 
decreased unnaiy phosphorus excretion (3) 
Thus, whereas the elevation of serum calcium is 
probably a result of increased absorpUon of cal- 
cium, the elevation of serum phosphorus may be 
very largely owing to a decreased level of para- 
thyroid activity 

Even at the expense of repetition, it may be 
useful to see how such an hypothesis concerning 
vitamin D fits the facts of rickets, the facts of 
vitamin D therapy, and the facts of vitamin D 
poisomng 


With vitamin D lack, calcium is not absorbed, 
the blood calcium tends to fall , this tendency is 
immediately met by an increased excretion of 
parathyroid hormone, a low blood calcium being 
the stimulus for parathyroid hormone production, 
the parathyroid hormone lowers the blood phos- 
phorus until dahhtc is being absorbed rapidly 
enough from the bones to keep the blood calaum 
normal (see another paper (1) in wffiich it was 
pointed out that along with the wide osteoid seams 
in rickets there arc areas here and there showing 
very rapid bone absorption) With the normal 
blood calcium and low blood phosphate, it is im- 
possible to deposit dahhtc wffiere bone formation 
is taking place and w"idc osteoid seams result 
With the increased fecal calaum excretion there 
results increased fecal phosphorus excretion 
With less phosphorus being absorbed, there will 
be less going out m the urine, and the ratio of unne 
phosphorous to fecal phosphorus w ill be low" In- 
asmuch as the secondary hyperparathyroidism 
keeps the calcium normal and the phosphorus de- 
pressed, the bone changes will be produced es- 
pecially readily w"ith a low Mtamin D, low phos- 
phate diet, as any increase in the phosphate in 
the diet wnll lead to increased phosphate absorp- 
tion, and it IS the low" serum inorganic phosphorus 
wdiich IS causing the bone changes Cases of 
rickets w"ith a low" scrum calcium level as W"ell as 
a low scrum phosphorus level may represent ex- 
amples wdicre the parath} roid compensation 
mechanism has broken dowm With vitamin D 
therapy all these changes correct themselves 

With vitamin D poisoning the calaum absorp- 
tion is so rapid that the blood calcium rises above 
normal , this leads to a depression of parathyroid 
activity and a sccondat*}" hypoparath}’TOidisni wth 
a high blood inorganic phosphate level With 
both values high there is precipitation of calaum 
phosphate into the soft tissues and death The 
hypotliesis w"ithout modification is inadequate in 
explaining the demmeralization of the skeleton 
which occurs wnth massive doses of vitamin D 
The necessary modification will be discussed be- 
low 

With this working hypothesis as to the action 
of vitamin D and its interrelationship with para- 
thyroid activity in mind it will be of interest to 
examine the second investigation This w^is 
earned out on a boy with practically no parathy- 
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y TABLE II 

} / MetaMic d<iia on Paltati Z vnih idtcpathic hypoparathyrotdtsm 


Thrtt- 

d*y 

period 

Caldam 

Phofpbonu 

Bennn 

Therapy 

Urine 

Fecei 

In 

Uke 

nnee 

Urine 

Fece* 

In 

Uke 

Bnl 

aoce 

Cold tun 

Pho*- 

phonu 

Pbo*- 

phntaee 

1 

CrMu 

0 07 

grams 

0.26 

- 

fra MU 

0.30 

trams 

-0 03 

grams 

084 

trawu 

063 

grawu 

1 78 

frsJHj 

+0 31 

•ifj" P*r 

100 u. 

4 8 ( 1 )* 

rngm^PsT 

100 ce 

12 3 

- 

Bodtnsky 

units 

89 

Control penod 

2 

0 07 

0 17 

0 30 

-HO 06 

0 67 

0.36 

1 78 

+0 75 

5 Kill) 

12 2 

96 

Control penod 

3 

0 05 

0 29 

0.30 

-0 04 

060 

0 69 

1 78 

+0 49 




Control penod 

4 

009 

0J9 

193 

+ 155 

0 39 

0.54 

178 

+0 85 

4Sa) 

80 

12.3 

Calaum gluconate i v 

5 

0 17 

0 24 

1 93 

+ 1.52 

0.35 

0 42 

1 78 

+101 

5.3(1) 

9.2 

12 2 

Calaum gluconate 1 v 

6 

0 07 

0 42 

OJO 

-0 19 

0 50 

0 79 

1 78 

+0 49 

5 4a) 

6.5 

13 4 

Control penod 

1 

0 07 

0 48 

0.30 

-0.25 

102 

0 49 

1 78 

+0 27 

4 5(11) 

114 


Control penod 

8 

0 08 

0.52 

193 

+ 1.33 

1 02 

0 54 

178 

+0 22 




Calaum gluconate p 0 

9 

0 06 

l7o! 

193 

+0 17 1 

105 

0 98 

1 78 

-0 25 




Caldura gluconate p 0 

10 

0 07 

1 63 

1 93 

+0 23 i 

1 17 

0 89 

1 78 

-0 28 

4J(I) 

12 1 

64 

Same plus vitanun D 

11 

006 

1 23 ' 

1 93 

+O 64 ’ 

1 17 

0 52 

1 78 

+0 09 

5 8(11) 

10 4 

1 51 

Same plus vitamin D 

12 1 
1 

0 091 

1 12 1 

1 

1 93 

+0 72 ! 

1 26 

0 40 

1 78 

+0 12 

7 KII) 

95 

86 

1 Same plus vitamin D 

13 

0.34 

0 871 

1 

1 93 

+0 72 

142 

0.39 

1 78 

1-0 03 

9 i(ni) 

j 8.5 

69 

Same plus vitainm D 


* Roman numeral mdicatea on which day of period determination was made. 


roid tissue in all probability, so that the action of 
vitanim D can be divorced from secondary changes 
resulting from variations m parath)n‘oid activity 

Metabolic data on Paiteiit 2 {M G H Number 
4636) With idiopathic hypoparathyroidtsni 

During the first three control three-day penods 
(Table II) the patient on a low calaum, 
moderately low phosphorus diet Findings typi- 
cal of idiopathic h 5 ^I>arathyToidism were pres- 
ent, namely a high serum inorganic phosphorus 
level (1Z3 mgm per 100 cc.), a low serum cal 
cium level (4 8 mgm per 100 cc), and a very low 
urinary calaum excrebon 

During Penods 4 and 5 he received 1 63 grams 
of calaum intravenously each penod m the form 
of calaum gluconate^ With each injecbon of 
calaum there occurred only a transient immediate 
nse m the serum calaum level, the preinjection 
level being reached again in 12 hours There was 

'271 mfitn. of calcium were given twice daily in 250 
cc. of taline. 


probably a tendency, however, for the serum cal- 
aum to nse over a penod of days (cf serum 
calaum = 4 5 at begmning and 5 4 mgm at end) 
There was a slight increase in the unnary calaum 
excretion but no defimte change m the fecal cal- 
aum excretion There was, therefore, a very 
marked nse m the calaum balance The serum 
inorgamc phosphorus was decreased, the unnary 
phosphorus excretion was markedly decreased, 
the fecal phosphorus excretion remamed imal- 
tered, and the phosphorus balance was markedly 
elevated There seems little quesbon that the 
added calaum united with phosphate and disap- 
peared somewhere — not in the feces possibly m 
the bones It should be pointed out that a pa- 
bent with idiopathic liypoparathyroidism was 
chosen for the determmabon of whether calaum 
given intravenously would appear m the feces be- 
cause, such a patients serum calaum level bang 
low there would be less loss of the mjected cal* 
amn into the unne. 

Penods 6 and 7 arc control periods with 
same regime os m Penods 1, 2 and 3 '' 
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During Periods 8 and 9 the same amount of 
calcium gluconate as during Periods 4 and 5 was 
given, but this time by mouth If one examines 
Penod 9 after equilibrium had been established, 
one notices that most of tins calcium appeared in 
the feces From this it can be concluded that it 
was not absorbed, because from Periods 4 and 5 
It was clear that had calcium reached the systemic 
blood system it would not have been excreted back 
into the feces Inasmuch as the calcium was not 
absorbed there were no other changes except that 
the fecal phosphorus value was slightly increased 
as was to be expected The scrum calcium and 
inorganic phosphorus values on the morning fob 
lowing the last day of this regime ucrc essentially 
the same as during the control period (4 2 and 

12 1 mgm respectively) 

The stage was now set for the addition of large 
amounts of vitamin D If its effect is a result of 
increased absorption of calcium from the gastro* 
intestinal tract, its administration in this case 
should have been followed by the same changes 
as occurred when calcium was given intravenously 
Such in most respects was the case During 
Periods 10, 11, 12, and 13 this patient received 6 
cc of 2500 D viostcrol daily (=600,000 I U ) 
The fecal calcium excretion fell from 1 70 grams 
to 0 87 gram (Penod 13) The scrum calcium 
showed a definite tendency to rise, especially in 
the second two periods of this regime The uri* 
nar}^ calcium did not rise significantly until Period 

13 when some critical threshold point in the scrum 
calcium was passed The calcium balances were 
markedly increased The fecal phosphorus ex- 
cretion was decreased The urinary phosphorus 
excretion, however, was increased instead of be- 
ing decreased The quantities involved were such 
that the increased urinary excretion could be ex- 
plained by increased phosphorus absorption The 
serum inorganic phosphorus level fell 

These changes were very similar to the findings 
obtained when calcium was given intravenously 
and support the hypothesis that one of the mam 
actions of vitamin D is to increase the absorption 
of calcium There was one discrepancy, how- 
ever When calcium was given intravenously, 
the urinary phosphorus excretion fell about 300 
mgm per penod, under the influence of vitamin 
D, on the other hand, the urinary phosphorus ex- 
cretion rose about 300 mgm (Period 13) The 


first suggestion as to the cause of this discrepancy 
is that the increased absorption of phosphorus' 
which occurs with vitamin D not only might pre- 
vent the expected drop in the urinary phosphorus 
excretion resulting from the increased absorp- 
tion of calcium, but even might lead to the ob- 
served nsc While these data do not absolutely 
refute this possibility the quantities involved sug- 
gest that the urinary phosphorus excretion is too 
high for such an explanation Later studies (see 
Experiment III) demonstrate more conclusively 
that such an explanation is untenable 

The fact that the scrum phosphorus level fell is 
most significant Under most situations the 
scrum phosphorus rises when one gives vitamin 
D If that rise is ownng to an accompanying de- 
creased activity of the parathyroid glands as hy- 
pothesized here, then in a parath}Toidless patient 
it IS clear wh}*' the rise docs not occur Further- 
more, if the action of Mtamm D on phosphorus 
metabolism w^crc primarily on its absorption from 
the gut, one w^ould expect the serum phosphorus 
to rise with vitamin D therapy even in a parathy- 
roidless patient, the fact that it didn’t supports 
the h}T?othcsis that the vitamin acts pnmanly on 
calcium absorption 

This second im cstigation supports the hypothe- 
sis suggested from the first, but bnngs up the 
question whether something more is not happen- 
ing under vitamin D therapy in the phosphorus 
metabolism than can be explained on the basis of 
increased calcium absorption 

Metobohe data on Patient 3 {M G H AUnnber 

14727) until idiopathic hypoparathyroidism 

The subject of this investigation had idiopathic 
hypoparathyroidism of a severe degree like the 
jiaticnt in the previous investigation The data 
(Table III) are included in this paper to throw 
further light on the question discussed above 
whether the increased urinary phosphorus excre- 
tion resulting from vitamin D administration can 
be explained on the basis of an increased absorp- 
tion of phosphorus The patient ’ivas on a low 
calcium moderately low phosphorus diet to which 
was added 5 grams of calcium gluconate by mouth 
daily m divided doses 

During the three control periods (Penods 11, 
12, and 13) the expected findings were present 
low urinary calcium excretion, high partition of 
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TABLE HI 

Meiabdtc data on PaUent 3 wtih tdtopcUhic hypoparaihyrotdtsm 


Thiw-e*y 

pwlod 

C»ldqm 

Pbotpboro* 

Semrn 

Tbtrtpy 

Urine 

Feet* 

Intake 

BeUnce 

ESS 

B9 

Ha 

Balaoct 

Caldom 

Pbofpboru* 

Pho«pliata»e 

n 

gramt 

0 02 

trawu 

mms 

167 

groms 

+0 46 

grams 

060 

grams 

054 

grams 

1 78 

grasas 

+0 64 

mgm if€r 
100 ce. 

"isr 

Bodantiy 

unUs 

VitamtH D — 

U S F M%Us 

12 


m 

IP 

+0 92 

D 


Ry 

+0 59 





13 

HI 

m 

m 

+0 47 

IP 

m 

m 


mm 

76 

imu 


14 

0 01 



101 

167 

+0 65 

0 73 

0 56 

1 78 

+0 49 

m 

87 

89 

■ 

200 000 

200 000 

200 000 

15 

002 

085 

167 

+0 80 

0 92 

050 

1 78 

+036 

5 6(11) 

6o(ni) 

84 

84 

90 

200 000 

200 000 

200 000 

i 

16 1 

0 02 

0 47 

167 

+ 1 18 

099 

0 42 

178 

+037 

6 8(11) 

80 

7 5 

400 000 

1 400 000 

400 000 

1 

17 1 

002 

044 

1 67 

+ 1.21 



178 

+0 22 

7 6(1) 

8 1(11) 

80 

8 1 

m 

400 000 

400 000 

18 ' 

HI 

1^ 

m 

+ 135 

B 


IP 

+0 40 

93(11) 

76 

m 


19 



m 

+ 1.23 

B 

B 

■n 

+038 

9 5(11) 

66 

61 


20 1 
1 

EQI 



+ 1 30 

IP 

m 

IP 

+038 

10 1(1) 

69 



21 i 
I 

008 

0 43 

1 67 

+ 1 16 

0 91 

0J7 

1 78 

+0 60 

11 7(III) 





* Roman numeral indicates on which day of period blood determination was done. 


phosphorus m the feces, low serum calcium (6 4 
mgm per 100 cc ) and high serum phosphorus 
(8 7 mgm per 100 cc. ) 

During vitamin D administration (200000 to 
400,000 umts dafly) in Periods 14, IS, 16, and 
17, there was the expected decrease m the fecal 
calcium excretion (about 600 mgm ), a slight nse 
in the serum calcium level (from 64 mgm per 
100 cc. to 8 1 mgm. per 100 cc.), and no change 
in the unnary calcium excretion The fecal phos- 
phorus excretion showed no decided change, 
whereas the unnary phosphorus excretion rose 
deadedly, about 300 mgm The serum phos- 
phorus level fell slightly 

Dunng the four control periods following ces- 
sation of vitanun D administration (Penods 18, 
19, 20 and 21), the same trends continued until 
the last pcnod when the vitamin effect began to 
wear off Dunng these penods the fecal phos- 
phorus excretion did show a definite decrease 

This experiment makes it quite clear that all 


the changes following vitamin D admimstration 
cannot be explained on the basis of an increased 
calaum absorption Xt is apparently necessary to 
hypothesize an increased unnary phosphorus ex- 
cretion as well This latter effect may be masked 
m patients with intact parathyroids by a decrease 
m the function of the parathyroid glands (sec 
above) which leads to a decreased unnary phos- 
phorus excretion (cf data on patient ^vlth 
nckets) In the experiment nhich folloivs, this 
observation concerning phosphorus excretion is 
even more convincingly demonstrated 

AfetaboUc data on Patient 4 (ilf G H Nunihcr 
8568) unth idiopathic hypoparathyroidism 

This investigation was essentially a repetition 
of the previous one except that the calaum intake 
by mouth was very low (OJO gram per three-day 
penod), additional calaum being administered 
daily m the form of calaum gluconate intTa\cn- 
ousI> The data are shoum m "T IV - ^jcy 
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TABLE IV 

Metabolic data on Patient 4 with idiopathic hypoparathyroidism 


Thrcc-day 

period 

1 

Calcium 

Fbosphonu 

Scrum 

Therapy 

Urine : 

Fcccs 

IntaVc 

Balance 

Urine 

Fcccs 

IntnLe 

Balance 

Caldum 

Pfaosphorufl 

1 Phosphatase 

i 

12 1 

crams \ 

0 26 

crams 

0 55 

crams 

0 85 

[rams 

+0 04 

froml 

0 75 

trams 

0 67 

trams 

1 78 

crams 
+0 36 

mem per 
100 cc 

mem per 
too cc 

Badansky 

unUs 

Vitamm D — 

V S P units 

13 

0 24 

0 56 1 

0 85 

+0 05 

0 95 

0 67 

1 78 

+0 16 

7 2(11)* 

62 



14 

0 26 

0 42 j 

0 85 

+0 17 

- 1 

1 12 

0 56 

1 78 

+0 10 





15 

i 

0 30 

1 

0 42 

1 

0 85 

+0 13 

1 01 

0 58 

1 

1 

I 78 

+0 19 

7 3(111) 

67 


400,000 

400,000 

400,000 

16 

0 33 

0 36 

0 85 

+0 16 

1 59 

! 

0 45 

1 78 

-0 26 

1 

8 6(11) 

64 , 


400,000 

400,000 

400,000 

17 

0 46 

0 29 

0 85 

+0 10 

1 52 

l 

037 

1 78 

-0 11 

8 8(1) 

9 0(111) 

62 

59 

1 

400.000 

160.000 

18 

0 68 

0 21 

1 

1 ■ - - 

0 85 

-0 04 

I 162 

0 39 

1 

! 1 78 

-0 23 

9 3(11) 

1 

61 

1 

! 

200,000 

400,000 

400,000 

19 

0 94 

1 

1 0 13 

0 85 

-0 22 

1 

1 

' 1 80 

031 

1 78 

-0 33 

9 9(11) 

6 1 


400,000 

400,000 

400,000 

20 

1 16 

1 

0 18 

1 

! 0 85 

1 

* -0 49 

1 52 

0 42 

1 78 

-0 16 

10 3(1) 

10 l(III) 

53 

52 



21 

■ 144 

1 

0 17 

0 85 

-0 76 

1 37 

0 34 

I 78 

+0 07 

9 7(111) 

52 



22 

152 

0 15 

0 85 

-0 82 

1 78 

0 34 

1 78 

-0 34 

9 9(111) 

49 




* Roman numerals indicate on windi da> of penod blood determination was done. 


substantiate previous observations In addition 
it should be noted that the urinary calcium ex- 
cretion increased much more than the fecal cal- 
cium excretion was decreased, leading to a nega- 
tive calcium balance This again emphasizes the 
fact that all the metabolic changes cannot be ex- 
plained by an increased calcium absorption The 
mobilization of calcium m this instance is probably 
a sequela of the increased phosphorus excretion 

DISCUSSION 

The mam points have been discussed dunng 
the presentation of the data Of the two hy- 
pothesized fundamental actions of vitamin D — 
to decrease fecal calcium excretion and to in- 
crease urinary phosphorus excretion — it should 
be noted that the former would tend to heal 
rickets, the latter would tend toward deminerali- 


zation In all the experiments here reported, 
massive doses of vitamin D \\ere employed As 
discussed above, demineralization can occur N\hen 
too large doses of vitamin D are given, a phe- 
nomenon which would be difficult to explain if 
the only action of vitamin D were on the calauni 
absorption It, therefore, seems possible that the 
effect on calaum absorption (the antirachitic 
action) may predominate unless too large doses 
arc administered when demineralization may oc- 
cur due to the effect on phosphorus excretion 
The next question is whether the effects of 
vitamin D on calcium absorption and unnary 
phosphorus excretion are two separate actions of 
the vitamin or whether one is the more funda- 
mental and tlie other secondary to it That the 
phosphorus excretion cannot be the result of 
increased calaum absorption was demonstrated in 
the second experiment when it was shown that 
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the giving of calaum intravenously decreased the 
phosphorus excretion There remains, therefore, 
only the question ’whether the increased urinary 
excretion of phosphorus could lead to the de- 
creased fecal calaum excretion The data at 
hand do not give any evidence on this point. 
However, the parathyroid hormone causes a 
marked urinary excretion of phosphorus without 
any marked effect on calaum absorption Fur- 
thermore, other data (4) suggest that AT 10 
(dihydrotachystcrol) has tlie same two funda- 
mental actions as vitamin D, but to different de- 
grees With A.T 10 the ratio of the phosphorus 
excretion property to the calaum absorption prop 
erty seemed greater The fact that the degree 
of one phenomenon obtained in relation to that 
of the other vanes with different drugs is evidence 
that one is not dependent on the other 

Certain observations from the hteratmre are 
related to the observations here reported Nico- 
liysen (5) found in rats that the ingestion of 
calaum had a marked effect in mcreasing the fecal 
phosphorus excretion, but that the ingestion of 
phosphorus had very little effect on the fecal 
calaum excretion He likewise found that the 
fecal phosphorus ’was not mcreased by the paren- 
teral injection of phosphates In a later paper 
(6) this same author found that vitamin D had 
a marked pnmary action on the absorption of 
calaum from the gut, but no such effect on the 
absorption of phosphorus and that the changes 


in phosphorus absorption could be explained ly 
the changes m calaum absorption Hannon, Liu, 
Chu, Wang, Chen, and Chou (7), studying the 
effect of vitaram D m osteomalaaa, found that 
CaQ, administered mtravenously ^vas retained 
This suggested that the high fecal calaum ex- 
cretion m that condition was due to lack of 
calaum absorption and not to increased reexcrc- 
tion They also found that -vitaram D, when 
first given, affected the calaum balance out of 
proportion to the theoretical phosphorus balance 
This suggested to them that changes m the phos- 
phorus metabohsm were the result of precedmg 
changes m the calaum metabohsm tau and 
coworkers (8) desenbed two types of osteoma- 
laaa In the first type there -was a normal serum 
phosphorus, a low scrum calaum, tetany, cata 
racts, and less bone trouble, in the second type 
there was a normal serum calaum, a low serum 
phosphorus, no tetany, and more bone disease 
Vitamm D healed both types These findings 
are in agreement -with the thrones here presented 
if one assumes that in the first type a secondary 
hyperparathyroidism failed to occur Wilder, 
Higgins, and Sheard (9) believed the paratliyroid 
hyperplasia in nekets and osteomalacia decreased 
the amount of bone disease. This conclusion is 
contrary to the theones here discussed 
Below an attempt is made to present in a dia- 
gram the rather confusing interrelations discussed 
in the paper 


(n) Ser Ca 


(0 Fee. Ca ■ 


Vit D 


(ill) Bone Format, + (Iv) Ser P -* 

" "^vi) Ser P + 


(v) Parath Activity - 
(yiiT) Ur Ca. 4* 

(ix) Fee, P - (x) Ser P + 


(viij 


(vii) Ur P - 


(xJ) (xh) (mi) (xjv) (xv) 

• — L. Ur P ^ Ser P Bone Format. ► Ser Ca. ■{- *■ Ur Ca 4- 


Whether the scrum phosphorus level nses will 
depend on whether Arrows vi and x are greater 
than IV and xii, etc 

On the basis of the serum calaum and phos 
phorus values three types of vitamm D dcfiaency 
may be hypothesized as occurring 


(a) Low calaum, normal phosphoms-^vV^ 
parathyroid hyperplasia has not occurred ^ 

(b) Normal calaum, low ^ 

parathyroid hyperplasia has 

calaum, and 

(f) Low calaum, loiv 
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parathyroid hyperplasia has occurred but is un- 
able to compensate for low calcium 

SUMMARY AND CONCLUSIONS 

1 Metabolic studies ^^e^e performed on four 
patients Patient 1 was under treatment for a 
form of rickets very resistant but not intractable 
to vitamin D therapy, Patients 2, 3, and 4 had 
idiopathic hypoparathyroidism 

2 An increase m the ingested calcium in Pa- 
tient 1 was followed by an increase in the fecal 
phosphorus excretion, however, an increase in 
the phosphate ingested w^as not followed by an 
increase in the fecal calaum excretion These 
findings suggested that calcium m the diet has 
more influence on phosphate absorption than 
phosphate m the diet has on calcium absorption 

3 The intravenous administration of large 
amounts of phosphates in Patient 1 was followed 
by no increase in the fecal excretion of phosphate, 
this suggested that recxcrction of phosphate into 
tlie gastro-mteslinal tract was not influenced by 
the amount of phosphate entering the blood 
When the same amount of phosphate \vas given 
by mouth, there was hkewnse no increase in the 
fecal phosphorus excretion, this suggested that 
the amount of phosphate m the feces was inde- 
pendent of the amount of phosphate ingested 
Large amounts of vitamin D, however, decreased 
the fecal phosphorus excretion as well as the 
fecal calcium excretion, these findings suggested 
that the fecal phosphorus excretion depends on 
the fecal calcium excretion and that vitamin D 
decreased the latter 

4 Vitamin D therapy in Patient 1, besides 
being followed by a decrease in the fccal excre- 
tions of calcium and phosphorus, led to an in- 
creased unnary calcium excretion, no increase in 
the urinary phosphorus excretion, and an ele- 
vation of both calcium and inorganic phosphorus 
m the serum The findings seemed consistent 
with the hypothesis that vitamin D increased the 
absorption of calcium, the other sequelae being 
secondary to this phenomenon The added pro- 
viso was necessary that with the nsmg serum 
calcium level there occurred a decreased activity 
of tlie parathyroid glands (see below) 

5 The fact that with the administration of 
vitamin D tlie serum inorganic phosphorus value 


rose, whereas the unnary phosphorus excretion 
remained stationery or even fell, strongly sug- 
gested that the rise in the morgamc phosphorus 
level was owing to an accompanying decreased 
activity of the parathyroid glands as a result of 
therapy (cf decreased unnary phosphorus ex- 
cretion and rising inorganic phosphorus level in 
scrum with parathyroidectomy) That the nse 
in serum inorganic phosphorus level was not due 
merely to increased absorption of phosphorus was 
sliown its failure to occur when phosphate \vas 
administered intravenously 

6 In Patient 2 the intravenous administration 
of calcium w^as follow^ed by no increase in the 
calcium excretion in the feces, the same amount 
of calcium given by mouth caused a marked in- 
crease in the fecal calcium excretion Since vita- 
min D, thereafter, decreased tlic calaum excre- 
tion in the feces it was concluded that this \vas 
ow ing to increased absorption of calaum and not 
to decreased recxcrction into the gastro-mtestinal 
tract 

7 In Patients 2, 3, and 4 wMth probably no 
functioning parathyroid tissue, \ntamin D therapy 
was follow^cd by a falling serum inorganic phos- 
phorus level This is further cadence that the 
rise in inorganic phosphorus w^hich usually fol- 
low^s vitamin D therapy is the result of an accom- 
panying decreased actmty of the paratliyroid 
glands 

8 In Patients 2, 3, and 4, the administration 
of large amounts of vitamin D was followed by 
an increase m the unnaty^ phosphorus excretion 
greater than could be explained by the decreased 
fecal phosphorus excretion This seemed to ne- 
cessitate the added hypothesis that vitamin D in 
addition to increasing the absorption of calaum 
increases tlie unnary excretion of phosphorus 
It IS probably because of this property of vitamin 
D that one gets demineralization wth large doses 

9 A tentative diagram is presented for the 
relation to one another of the various sequelae 
followung vitamin D therapy 

10 On the basis of the serum calcium and 
phosphorus values tliree types of atamm D de- 
fiaency are differentiated (1) without parathy- 
roid hyperplasia, (2) with compensatory hyper- 
plasia, and (3) witli hyperplasia, insuffiaent to 
cause compensation 
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Since the paper by Holtz m 1933 (1) there has 
appeared m the German literature a considerable 
number of articles on a photochemical derivative 
of ergostenn, desigpiated dihydrotachysterol or 
A T 10 (antitetanisches Praparat Nr 10) Un- 
til recently this substance has not been available 
m this country One gets the impression from 
the German literature (see below) that AT 10 
and vitamin D effect calaum metabohsm m much 
the same way with the one extraordinary differ 
ence that AT 10 is not antirachiUc This com 
bination of facts is most surpnsmg since at first 
thought it IS hard to believe that any substance, 
chemically so closely related to vitamin D, could 
have so similar an action on calcium metabolism 
and still not cure nckets It thus becomes of in- 
terest to know the exact manner in wluch this new 
substance effects calaum and phosphorous me^ 
tabohsm and wherem its action differs from that 
of Vitamin D No complete metabohe data have 
as yet appeared Therefore the present investi- 
gations were undertaken They consist of cal- 
aum and phosphorus metabohe studies on 3 cases 
of hypoparathyroidism treated with AT 10, two 
of whom were later treated wth vitamin D for 
comparison ^ Patients with hypoparathyroidism 
were chosen for tins study so that secondary 
changes in calaum and phosphorus metabohsm 
resulting from varying degrees of activity of the 
patient's own parathyroid tissue would not be 
confused with changes due to the A T 10 The 
importance of this aspect was discussed in a paper 
concerned with the action of vitamin D (2) 

review of literature 

Bamburger (3) von Wendt (4) and ^Vi^ldau5 (5) 
were the first to suggest that the toxic effect and anti 

> Part of the AT 10 and aJl of the vttemm D were 
supplied by Mr C B Taft of the \Vinthrop Chemical 
Company The preparation of viUmin D used was 
** Drisdol which is a preparation of crystalline vitamm D,. 


rachitic effect of irradiated ergostenn were owing to two 
different factors. The previous conception had been 
that the toxic manifestations — calaum deposits m various 
organs and hypercalcemia — were due to an overabund 
ance of the antirachitic factor — hence, a hypervitarainoils, 
Thu toxic factor was called by HolU et al (6) the 
” Calaoosefaktor " to differentiate it from the anti 
rachitic factor 

Holtz Gissel and Rossmaim (7) studied the various 
derivatives of ergostenn. It was found (7 8) that upon 
irradiation of ergostenn with ultraviolet light one ob- 
tamed the following substances ergosterin, lumisterin, 
tachystenn vitamin D, toxutcrin, supraslerin I and 
suprastcrin II Of these tachystenn, vitamin D and 
toxistenn contamed the " Caldnoscfaktor " vitamin D 
alone, contained the antirachitic factor Holtz conceived 
the idea that the ' Calcmosefaktor ” might be made use 
of m treating the hypocalcemia of hypoparathyroidism 
To this end tachystenn was converted chemically into 
dihydrotachy sterol A.T 10, to render it suitable for 
peroral administration, 

A method of standardizing the toxic effect of ergostenn 
denvatives has been worked out (7) The unit of toxic 
ity 13 designated the “ Toxischc Grenzdosls ^ (T G ) and 
is that amount which given to mice for 12 days will 
cause a weight loss of at least 12 per cent It is there- 
fore possible to compare the antirachitic and the toxic 
properties of various preparations Hamapp gave the 
following figures (9) 

1 cc. vigantol * 4 500 antirachitic units 1 5 T G 
1 cc. AT 10 400 antirachitic units 150 0 TG 

Incidentally this is the only reference which suggests 
that AT 10 is antirachitic at all 

Furthermore, since the parathyroid hormone if given 
m excess likewise causes death to animals due to hyper 
calccmia and metastatic calaficabon it Is possible to 
compare the effect of AT 10 with that of parathyroid 
extract Thus it was found that a dose of 02 to 1 0 
unit of parathormone per kilo on th>Toparathyroidecto- 
mized dogs was required to maratam a normal blood 
calcium level while it took U to 3,5 T G units of AT 
10 Hence 1 unit of parathormone corresponds to about 

* Vigantol is the trade name for a preparatloa of ir 
radiated ergosterol marketed by Merck of Datmstadl and 
by I G rarhcnindostric. One cc. vigantol 
12,000 International Vitamin D units. ' 
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5 T G units dihydrotach} sterol According to a recent 
s>*mposium (10) AT 10 has been further punfied and 
Us biological actnit> is now assa>cd on parath>Toidcc- 
tomizcd dogs 

Numerous papers state that AT 10 is not antirachitic 
and it seems that this fact must ha^c been ascertained 
on animals The protocols of such experiments ha\c not 
been found Harnapp (9), ho\\c\cr, found that AT 
10 had no effect in cunng infantile rickets or in raising 
the scrum calcium lc\cl m such eases Bomsko\ (10), 
on the other hand, found that AT 10 thcrap> wiW raise 
the serum calcium lc\cl in spasmophilia, but agrees that 
it will not correct the underlpng rickets Eckert (10) 
found A.T 10 cficctne m late rickets Dr Alfred Shohl 
at the Quldrcn’s Hospital in Boston in some prcliminarv 
and as >ct unpublished experiments found that AT 10 
was not antirachitic in rats 

The literature lca\ cs no doubt that A T 10 is % cr> 
cffectnc for the treatment of h>poparath>*roidi5m (11 to 
31 inclusne) Rcschke as quoted b> Ricdcr (17) stated 
m 1934 that 200 cases had been treated without a single 
failure, Holtz (19) cited one patient who had been 
taking AT 10 for 3 jears without an> ill effect An- 
other patient died of acute >cllow alroph> after taking 
the drug for 2 >cars (340 cc, of AT 10 in all) and at 
autops> showed no c\idcncc of calafication of the kid- 
nc>s It has also been used wnth benefit m tclanj due to 
sprue (17, 18) 

The dosage \'ancs with the induidual Holtz (19) 
states that 2 to 5 cc. of A T weekly should be suffiaent 
m mild eases of tctan> WTicn the scrum calcium has 
reached a normal lc\cl, the dosage is reduced Martini 
and He>Tncr (16) reported a case of postoperatnc tctan> 
which required 10 cc, of AT 10 dail> for about 2 weeks 
in order to obtain s>Tnptomatic relief Man> observers 
w’arn against the dangers of o\crdosagc which arc in- 
creased b> the marked cumulati\c action of the drug 
Arnold, Holtz, and Marc (32) found that 6 times as 
much AT 10 arc required toward the end of prcgnanc> 
as otherwnse. During penods of marked acti\it> (8, 
26), ner\ous strains, and menstruation a larger dosage is 
usuall> necessarj The requirement for A,T 10 de- 
creases m women, after x-ra> castration (29) The 
cataracts, so commonlj seen m conjunction with hjpo- 
parathj roidism, can be kept from dc\ eloping, but arc 
not influenced b> the drug once the> ha\c formed (10, 
18, 19, 33) 

The drug has been used with apparcntlj good results 
in conditions other than those assoaated with h>T)ocal- 
cemia These mclude hemophilia (17, 18, 34, 35), im- 
petigo herpetiformis (10), penpheral circulatory con- 
ditions (36), and a variet> of other conditions Kappis 
as quoted by Rieder (18) treated "coehakic,” Gissel 
(35) reported good results using AT 10 in the treat- 
ment of bronchial asthma as well as in drug and serum 
eruptions Wendt and Altenburger (22) treated severe 
urticaria with the drug Danckelman (37) in 1934 re- 
ported treating painful xznees and phlebitic residuals 
with AT 10 

Very little data are available on the action of the 


drug on the body chemistry All observers agree that 
the scrum calaum level is raised, Holtz and Kramer 
(38) found that both fractions of calcium are ele\ated, 
the ionized and that bound to protein In cases with 
tctan> as opposed to normal controls the effect is more 
predominantly on the ionized fraction With elevation 
m the scrum calcium level there is an increase m the 
unnary calcium excretion (41) which may lead to stone 
formation (38) The fecal calaum excretion is de- 
creased (38, 39) Jordans (30) and Holtz and Kramer 
(38), furthermore, found that if a low calaum diet is 
u‘^cd, calcium will be mobilized from the skeleton Hoff 
(40) in one ease of h5*poparathyroidism found a slight 
deviation m the scrum phosphorus level after treatment 
followed b) a later fall Snapper (14) and Arnold and 
Blum (26) found a lowering of the serum phosphorus 
level following treatment Otherwise no data have been 
found on the phosphorus metabolism Halbertsma (27) 
mentioned a mobilization of calaum wnth an increase in 
the calaum level of the blood, but wnth no increase in 
the scrum phosphorus level Hoff (40) obsened a slight 
rise m scrum magnesium, no deaded change in serum 
potassium, and a slight nsc in the ** alkali reserves” 
witli AT 10 therapy Holtz (10) could not confirm 
the cliangcs in the alkali reserve, 

Arnold, Holtz, and Marx (32) found the action of 
A T 10 antagonized by cstnn and the male sex hormone. 

Lxpcrnucnf I 

The subject, W C , Patient 3, Number 14,727, 
of the first investigation (2) w^as a 16 year old 
boy with severe idiopathic hy’poparatli}Toidism 
A detailed clinical history^ will appear elsew^here 
(42) 

The expenment was divided into Parts A and 
B In Part A he received AT 10, in Part B 
he received crystalline vntamm D Sufficient time 
vv^as allowed to elapse between the tw^o parts of 
the experiment so that his metabolic levels w^ould 
return to the prctherapeutic vTilues Throughout 
the entire expenment he receiv^ed a diet of an 
exactly similar composition each day^ This con- 
sisted of a low calcium, moderately high phos- 
phorus diet In addition, 045 of a gram of cal- 
cium in the form of calcium gluconate w^as given 
daily by mouth in tliree divuded doses Thus, it 
was thought, sufficient calcium and phosphorus 
wms being ingested to giv^e the drug something to 
act upon if its action were on the absorption of 
calcium or phosphorus The data are shovvm m 
Figure 1 and Table lA and Table IB 

During the three control periods (Penods 1, 2, 
and 3) there were present a low serum calcium 
level (7 0 mgm per 100 cc ), a high serum phos- 
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phorus level (90 mgm per 100 cc-), the expected 
low xinoary calcium excretion and a positive bal- 
ance of both calcium and phosphorus 

With the administration of AT 10 (Penods 
4 and 5), there uas an immediate decrease in the 
fecal calaum excretion hut no change in the fecal 
phosphorus cxcrcbon The unnary phosphorus 


excretion however, immediately rose, while the 
unnary calcium excretion remained unchanged 
The positive calaum balance wtis, therefore in- 
creased while the phosphorus balance was de- 
creased and even became ncgatii e The^ scrum 
calcium level was elevated and the scrum phos- 
phorus level was depressed With 
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of the drug m Period 6, these effects continued 
unabated for that penod only, in Period 7 the 
fecal calcium excretion again began to rise and 
the unnarjf phosphorus excretion began to fall 
The unnary calcium excretion did rise after the 
serum calcium level became normal and for some 
reason reached its highest le\el when the serum 
calcium was already falling 


the expcnment With the administration of vita- 
min D the fecal calcium excretion again decreases 
without any immediate change in the fecal phos- 
phorus excretion , the unnary phosphorus excre- 
tion again rises without any immediate effect on 
the unnary calcium excretion The serum cal- 
cium level eventually nses and the serum phos- 
phorus value eventually falls Finally the unn- 


T\nLn lA 


Expermcrt Part A 


Three- 
day 1 
period | 

Dale 

Calaum 

Phosphorus 

Serum 

Therapv 

UrincI 

1 

1 

Feces i 

In 

taVe 

Bal 

ance 

Urine 

Feces 

In 

lake 

Bal 

ance 

Catdum 

Phos 

phorus 

Phos 

phalasc 

1 

October 1936 
8-9-10 

p’oms 

0 03 

p’Qms 

0 68 

grams 

1 67 

P'oms 

+0 96 1 

1 

1 

grams 

0 731 

1 

framr 

0 40 

[ram} 

1 78 

grams 

+0 65 

mgm per 
100 cc, 

7 0(1)* 

rntm Per 
100 cc 

90 

Badansky 

units 

70 


2 

11-12-13 

0 02 

0 76 

1 67 

+0 89 

083 

0 47| 

178 

+0 48 

1 




3 

14-15-16 

0 02 

0 81 

1 67 

+0 84 

0 75 

0 45 

I 78 

+0 58 1 





4 

17-18-19 

1 

1 

0 03 

|0 58 

1 

1 

1 167 

i 

1 

1 + 1 06 

1 24 

0 43 

1 78 

+0 11 

7 2(1) 

8 9(111) 

80 

86 

5 6 

10 cc AT 10 
10 cc. A T 10 
5cc AT 10 

5 

20-21-22 

0 03 

0 43 

1 67 

1 

+ 1 21 

1 39 

1 

0 45 

1 

1 78 

-0 06 

1 

10 4(11) 
[11 1(111) 

1 78 

1 ^ ^ 

6 1 

5CC.AT 10 
5cc AT 10 

t 5cc AT 10 

1 

6 i 

23-24-25 

0 07 

0 41 

1 1 67 

+ 1 19 

1 41 

0 42 

1 78 

-0 05 

112(11) 

59 

4 1 


7 ' 

1 

2S-27-28 

0 13 

0 74 

1 

1 67 

+0 80 

1 27 

0 47 

1 78 

+0 05 

10 2(1) 

5 7 

43 


8 

29-30-31 

0 11 

10 77 

1 167 

+0 79 

1 07 

0 47 

1 78 

+0 24 

9 5(11) 

7 7 

2 6 


9 

November 

1-2-3 

0 10 

0 89 

I 67 

+0 68 

0 92 

0 52 

1 78 

+0 34 

9 5(11) 

59 

45 


10 

4-5-6 

0 08 

1 

1 14 

1 67 

+0 45 

0 80 

0 59 

1 78 

+0 39 

9 7(11) 

59 




* Roman numerals indicate to which day of period data refer 


From this experiment alone one would suspect 
lat there are two primary metabolic effects of 
L T 10 (decrease of fecal calcium and increase 
f unnary phosphorus) , that each of these lead 
D a secondary effect (nse m serum calauni and 
all m serum phosphorus) , and finally that one 
f these secondar>^ effects (rise in serum calcium) 
a turn leads to a tertiary effect (increase m un- 
ary calcium excretion) 

When one turns to the second part of the ex- 
enment (Table IB), one finds the fecal calcium 
values in the control penods (Periods 11, 12, and 
13) considerably higher than those in similar pe- 
nods (Penods 1, 2, and 3) m the ‘first half of 


ary calcium excretion nses There is also a 
delayed fall in the fecal phosphorus excretion, 
suggesting that eventually the body compensates 
for the increased unnary phosphate excretion by 
an increased absorption of phosphorus 

It will be noted that all the changes were m 
the same direction as when AT 10 was adminis- 
tered ® There were, however, certain quantita- 
tive differences The effect of vitamin D in the 


^ This statement is not quite true as there was no de- 
layed decrease of fecal phosphorus excreuon when AT 
10 was administered If one judges from later experi- 
ments, however (Tables IIA and III), this was because 
A T 10 w^as not administered for a suffiaently long time 
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doses used was slower in coming on , on the other 
hand, the effect, once there remained longer after 
discontinuance of treatment Secondly, if one 
confines ones attention to the two primary effects 
(to decrease the fecal calaum and to increase the 
urmary phosphorus) , it will be noted that vitamin 
D m the doses used effected fecal calcium as ef- 


that of A T 10, whereas the effect of vitamin D 
on the unnary phosphorus excretion was de- 
adedly less than that of A T 10 

Expeninent II 

The subject D B , Number 8568, of the sec- 
ond investigation, was a girl of 21 mth severe 


TABLE IB 


Expenntmi I Farl B 


Ttiee- 

<lAy 

I>eiiod 


Caldam 

Pbotphonu 

Scnmi 

Tbeimpy 


Fe«« 

m 

Btl 

ance 

Urine 

■ 

IB 

Bal 

tnet 

Caldmn 

Fho** 

phortu 

Pbo*- 

phatMc 

H 

December 1936 
ft-9-10 

frSHU 

0 02 

gromi 

1}L 

gramt 

grams 

+0 46 

grams 

060 

- 

iB 

QQ 

grttsms 

1 78 

grams 

+0 64 

mnu ptr 
100 c( 

wrnt ptr 
100 ct 

Bodansky 

units 

VUamiu Z>— 

U S P umtls 

12 

11^12-13 

QQ 

s 


+0 92 

0 76 

GQ 

IQ 

+0 59 



mm 


13 

14^15-16 

QQ 

m 

IQ 

+0 47 

0 74 

gS 

m 

+0 61 

6 5a)* 

n 

mm 


14 

17^18-19 

0 01 

101 

1 67 

+0 65 

0 73 

0^6 

1 78 

+0 49 

H 

87 

89 

■ 

200 000 

200 000 
200,000 

15 

20-21-22 

0 02 

085 

167 

+0 80 

0 92 

0 50 

I 78 

+0J6 

S6at) 

6 0(111) 

84 

84 

B 

200 000 

200 000 

200 000 

16 

23-24-25 

0 02 

0 47 

1 67 

+ 1 18 

099 

0 42 

1 78 

+0J7 

1 

6 SUD 

80 

B 

1 400 000 

1 400 000 

j 400 000 

17 

1 

26-27-28 

B 

B 



i 

B 

i 

j+0J2 


80 

81 

72 

79 

1 400 000 

I 400 000 

18 

29-3(Ml 







iQj 

+0 40 

9 3(11) 

76 

75 



January 1937 
1-2-3 

IQ 


m 

+ 1J3 

107 

B 

0 

+0^8 

9 5(11) 

66 

6 1 


20 

4-5-6 

QQ 

0^0 

1 67 

+ 130 

108 


ml 

+0 38 

10 1(1) 

69 




7-8-9 

008 

0 43 

1 67 

+ 1 16 

0 91 

B 

1 78 

+0 60 

11 7(nr) 

62 




* Roman numerals indicate to which day of penod data refer 


fcctively as A T 10 if not more so On the other 
hand, the action on the phosphorus excretion in 
the unne was less marked with vitamin D than 
with AT 10 

The observations in the second part of this ex- 
penment could be summarued, therefore, by say- 
ing that the primary, secondary, and tertiary ef- 
fects of vitamin D were qualitatively the same as 
those of AT 10 Herwever, the effect of vita 
mm D was slower m coming on and lasted longer 
Finally, the effect of vitamin D on the fecal cal- 
cium excretion was as great if not greater than 


idiopathic hypoparathyroidism A detailed clini- 
cal history wU appear elsewhere (42) 

Since in Expenraent I it had been shown that 
AT 10 could raise the serum calaum value by 
decreasing the fecal calcmm excretion, it seemed 
of interest to tr> to determine whether the scrum 
calaum could be raised on a low calaum intake 
In other words, was A T 10 only effecting cal- 
aum absorption or could it prevent calcium excre- 
tion into the gut or even mobilize skeletal cal- 
aum? Unfortunately, because of the paticnt*s 
severe degree of tetany it was impossible to carry 
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Fig 2 GRArnic RErRESENTATioN of Metabolic Data of Experiment II 


her for control periods on a low calcium diet B During Part A she received AT 10 and 
without added medication Therefore, it was de- during Part B she received crystalline wtamm D 
cided to put her on a low calcium diet (0 10 gram The diet \vas of an exactly similar composition 
per day) and to give her intravenously, m addition, throughout Sufficient time was allowed to 
calcium gluconate (0 18 gram of calcium per day) elapse between Parts A and B to let the equilibria 
m two divided doses All blood samples were return to the premedication levels The data are 
taken at least twelve hours after the previous shown in Figure 2 and Tables IIA and IIB 
intravenous calcium administration During the first three control penods, 1, 2, 

The experiment was divided into Parts A and and 3, she had much more calaum in her unne 
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than she would have had with a scrum calaura 
value of 69 mgtrL, had she not been receiving 
intravenous calaum medication The excess 
(about 180 mgm ) undoubtedly resulted from the 
calaura given intravenously It is of further in- 
terest that shghtly more cataum was excreted m 


fecal phosphorus excretion, although not nearly 
large enough to account for the increased unnary 
phosphorus excretion 

There was a nse in unnary calaum excretion 
greater than the fall in fecal calaum excretion so 
that the calaum balance was decreased and even 


TABLB IXA 


Experiment II Part A 


Ttaw 

ixtiod 

Dxte 

Caldtim 

Fboapborna 

Strum 

Tberapy 

Urine 

Feces 

Intake 

Balance 

Urine 

mBt 

Intake 

Balance 

Caklum 

Pbotxibona 

1 

February 1937 
2-3-4 

tnwu 

0 21 

trams 

, 0 45 

tmu 

0 85* 

trams 

+0 19 

jnmi 

085 

1 

0 61 

from 

1 78 

rrowt 

+0 32 

mtm ^ 

100 u. 

6 9(II)t 

mtm frr 

100 ce 

68 1 


2 

5-6-7 

IQQI 

IQ 

gg 

+0 13 

065 

0 77 

1 

1 78 

+0 36 

6 5(1) 

58 


3 

8-9-10 

ISI 

Da 

gg 

+0 18 1 

069 

0 66 1 

178 1 

+0 43 1 

61(1) 1 

6.2 


4 

11-12-13 

0 27 

0J7 

085 

+0J1 

1 18 1 

! 

1 

0^3 ] 

1 

178 

+0 07 1 

1 

ii 

64 ' 
67 

59 ! 

10CC.AT 10 
See. AT 10 
See. AT 10 

5 

14-15-16 

0 50 

0 24 

0 76 

-1-0 02 

148 

1 

044 

1 78 

-0 14 

8.5(11) 

8 7(lll) 

45 

4J 

Sec. AT 10 

6 

17-18-19 


EBI 

gg 

-0 11 

BBl 


178 

+0 43 

8 6(11) 

46 


7 

20-21-22 

■ipi 

ISI 

wm 

-0 09 

m 

gg 

na 

+0J4 

8JCI) 

52 


8 

23-24-25 

0 50^ 

j 0^ ' 

OSS ' 

+0 01 ' 


0 46 ' 


+0 18 

7 9(1) 

8oaii) 

53 

5.5 


9 

26-27-28 

\wm 

IIQI 


-0 07 



Bg 

+0 31 ' 

8 0(11) 

47 

1 


10 

March 

1-2^ 

048 

0^53 

085 

+0 04 

0 95 

0^2 

1 78 1 

+0 31 

7 6ai) 

59 


11 

4-5-6 

B3 


■ 

+0 05 

0 93 

0 52 

1 78 

+0*33 1 

7 7an) 

6 1 



• Patient received 10 cc. of 10 per cent calaum gluconate mtravcnously twice daily throughout the entire experiment 
except for Period 5 during which one injection wai omitted Therefore, the ingested calaum was 0^1 gram and the 
ingested calaum 0^ gram 

t Roman numo^ mdicatc to which day of penod data refer 


the feces than was given by mouth This con- 
firms the work of Nicolayson (43) that the fecal 
calaum docs not merely represent unabsorbed cal- 
aum m the diet 

During the penods of AT 10 administration 
(Penods 4 and 5) the fecal calaum excretion was 
decreased as in the previous experiment but not 
by more than the calaum in the diet 

Again, as in Experiment I, A T 10 had a \ery 
marked effect (about 100 per cent) on the un- 
nary phosphorus excretion with the production of 
a negative phosphorus balance In this expen- 
ment, however, there was a slight decrease in the 


became negative dunng Penods 6 and 7 This 
demonstrates that calaum can be mobilized from 
the skeleton 'with AT 10 
In Part B it is seen that again the effect of 
'Vitamin D was qualitatively the same as that of 
A.T 10 The data again suggest that the action 
of 'Vitamin D is slower and lasts longer On the 
whole, it seems fair to conclude also that the ratio 
of the action of AT 10 on the unnary phos 
phorus excretion to that of its action on calaum 
absorption was greater \vith A,T 10 than with 
vitamin D In companng Parts A and B m this 
respect, allo'wancc must be made for the fact that 
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TADLE lin 


Experiment Part B 


Three- 

day 

period , 

Date 

Coldum 

Phosphorus 

Sernm 

Therapy 

Urine 

Kcccs 

Intake 

Balance 

Urine 

Teces 

Intake 

Balance 

Caldum 

Phosphoms 

12 1 

April 1937 
18-19-20 

ETcms 

0 26 

gramr 

0 55 

crams 

0 85 

crams 

+0 04 

crams 

0 75 

crams 

0 67 

prams 

1 78 

crams 

+0 36 

mgm per 
100 cc 

mgm per 
100 u 

Vitamin t > — 

U S P units 

13 

— j 

21-22-23 

0 24 

0 56 

0 85 

+0 05 

0 95 

0 67 

1 78 

+0 16 

7 2(11)* 

62 


14 ’ 

1 

24-25-26 

1 

0 26 

0 42 

0 85 

+0 17 

1 12 

0 56 

1 78 

+0 10 




1 

IS 

27-28-29 

j 

0 30 

0 42 

0 85 

+0 13 

1 01 

0 58 

1 78 

+0 19 

7 3(111) 

■ 

400,000 

400,000 

400,000 

16 

May 

30-1-2 

0 33 

0 36 

0 85 

+0 16 

1 59 

i 

0 45 

1 78 

-0 26 

8 6(11) 

H 

400,000 

400,000 

400,000 

17 

3-4-5 

0 46 

0 29 

0 85 

+0 10 

i 

1 52 

0 37 ■ 

1 

1 78 

-0 11 

8 8(1) 

9 0(111) 

62 

59 

400.000 

160.000 

1 

1 

18 

6-7-8 

0 68 

021 

0 85 

-0 04 

1 62 

0 39 

1 78 

-0 23 

9 3(11) 

‘ 6 1 

1 

200,000 

400,000 

400,000 

19 

! 9-10-11 

1 

1 

0 94 

0 13 

0 85 

-0 22 

1 80 

031 

1 

1 78 

-0 33 

9 9(11) 

6 1 

400,000 

400,000 

400,000 

20 

1 12-13-14 

i 

1 ... 

1 16 

1 

0 18 

1 

0 85 

-0 49 

1 52 

0 42 

1 78 

-0 16 

10 3(1) 

10 l(III) 

53 

52 


21 

15-16-17 

1 44 

0 17 

0 85 

-0 76 

1 37 

0 34 

1 78 

+0 07 

9 7(111) 

52 


22 

18-19-20 

1 52 



-0 82 

1 78 



-0 34 

9 9(111) 

49 



* Roman numerals indicate to which day of period data refer 


TABLE m 


Metabolic data on Experiment III 


1 

Three- 1 
day 1 



Caldum 



Phosphorus 


Scrum 













Therapy 

uatc 1 











period 










Caldum 

Photphonis 



1 

crams 

crams 

crams 

frflmj 

rrflmj 

crams 

prams 

pams 

mem per 
too cc 

mem per 
100 cc 


1 

May 1937 
29-30-31 1 

0 08 

0S2 1 

167 

+0 77 

0 75 

1 

0 50 

1 78 

+0 53 




2 

June 

1-2-3 

0 11 

1 03 

1 67 

+0 53 

0 94 

0 70 

1 78 

+0 14 

1 













1 

5 7(1)* 

86 

See AT 10 

3 

4-5-6 

0 08 

1 20 

1 67 

+0 39 

1 55 

0 57 

1 78 

-0 34 

1 


S cc A T 10 

5 cc A T 10 











7 1(1) 

76 

' 5 cc A T 10 

4 

7-8-9 

0 19 

1 

0 81 

1 67 

+0 67 

! 1 75 

0 40 

1 78 

1 -0 37 

7 9(111) 

; 63 

5 CC. A T 10 

5 

j 10-11-12 

0 33 

1 0 77 

1 

1 67 

! +0 57 

1 18 

0 35 

1 78 

+0 26 

8 1(11) 

6 1 

1 cc AT 10 


* Roman numerals indicate to whicli day of period data refer 
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vitamin D therapy was pushed much further than The patient received a diet exactly similar to 
that with A.T 10 Furthermore, since there was that used in Expcnmcnt I During the coiitrol 
very little calcium to absorb (cf low calaum diet) penoda (Periods 1 and 2) tlie expected findings 
there was a limit to the amount by which the were present although the unnary calcium excre- 
drugs could decrease the fecal calaum excretion tion was shghtly higher than one would expect 



Fio 3 


This chart w constructed from data of Experiment I Table* lA and IB It is designed to show tlut the 
ratio of decrease In fecal Ca excretion to mcrcate In urinary P excretion is greater with vitamin D than with 
A.T 10 Base line rcprescnti average fecal Ca excretion and average unnary P excretion of control pcnods» 
The difference between the average values and the values for each period are plotted for each period — above 
the line if the difference represents a saving to the body, below the line if a loss It will be noted that the Ca 
effect 15 greater with vitamin D while the P effect is greater with A T 10 

Experiment III The blood values before medication were for the 

The subject, M F McC , Number 4S512 of this serum calaum 5 7 and for the scrum phosphorus 
experiment was a woman of 40 with severe post- mgm per 100 cc (Table III) 
operative hypoparathyroidism, for which she had patient received A.T 10 during Periods 3, 

b^n followed at the Massachusetts General Hos- 4, and 5 The most striking effect again n'as on 
pital since March, 1930 The thyroid operation the unnary phosphorus excretion, there bang 
had been performed at another hospital in June, about a 100 per cent increase over the control 
1929 penods dunng Penod 4 The ' i 
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TABLE IV 


Data showing effect of parathyroid hormone tn hypoparathyroidism 


Three* 

day 

period 

Caldum 

Phosphorus 

Serum 

Therapy 

Urine 

Fccca 

Intake 

Balance 

Urine 

Feces 

Intake 

Balance 

Caldum 

Phosphorus 

20 

eroms 

0 12 

Sjamz 

2 60 

fSrams 

3 85 

grams 

+ 1 13 

grams 

0 58 

grams 

0 70 

grams 

1 99 

[rams 

+0 71 

ffigm per 
100 cc 

8 9(1)* 

mgm per 

100 cc 

69 

parathoTTiume ** 
umts 

21 

0 11 

2 40 

3 85 

-Pl 34 

0 54 

0 65 

1 99 

+0 80 

8 9(11) 

69 


22 

0 11 

2 94 

3 85 

+0 80 

0 50 

0 96 

1 99 

+0 53 

8 6(11) 

73 


23 

0 12 

2 71 

3 85 

+1 02 

0 45 

0 62 

1 99 

+0 92 

8 8(111) 

68 












73 

40 

24 

0 18 

3 33 

3 85 

+0 34 

1 62 

081 

1 99 

-0 44 

■IlMllf 

50 

40 










RjQQgl 

50 

40 


1 

! 

! 

1 







40 

25 

0 27 

2 24 : 

3 85 ; 

+ 134 ! 

0 97 

0 77 

199 

+0 25 

10 2(11) 

54 


1 











40 










m 

53 

40 

26 

0 33 

2 47 

3 85 

+ 105 

1 13 

0 49 

I 99 

+0 37 

llQin 

4 7 

60 






1 




■il 


60 


* Roman numerals indicate to hich day of period data refer 

** One unit of parathormone is equivalent to 5 units of parathyroid extract 


value fell from 8 6 mgm to 6 1 mgm There was 
a slight decrease m the fecal calcium excretion and 
a slight rise m the urinary calcium excretion 
The net result w^as that the calcium balance was 
little affected while the phosphorus balance ^vas 
made negative These findings strengthen the 
observations made in the previous experiments 

DISCUSSION 

In a previous paper (2) the tentative hypothe- 
sis was made that there are tsvo fundamental ac- 
tions of vitamin D — to increase calcium absorp- 
tion and to increase unnary phosphorus excretion 
A T 10 has both of these properties, but tlie ratio 
of the effect on phosphorus excretion to that on 
calcium absorption is apparently greater with A T 
10 than with vitamin D (Figure 3) Since the 
calcium absorphon effect is obviously an anti- 
rachitic one whereas the phosphate excretion ef- 
fect would work in the opposite direction, some 
explanation is afforded as to why AT 10 is not 
antirachitic 

Since one of the mam actions of A T 10 ap- 
pears to be to increase the excretion of urinary 


phosphorus and since the theory has been ad- 
vanced that this is the fundamental action of the 
parathyroid hormone (44) it becomes of interest 
to compare the metabolic action of A T 10 wth 
that of the parathyroid hormone A prion one 
would expect them to be the same except for the 
fact that AT 10 has an additional action in caus- 
ing increased calcium absorption 

In Table IV, data are given on the effect of 
the parathyroid hormone on the calaum and phos- 
phorus metabolism of the same individual with 
postoperative hj^ioparathyroidism studied in Ex- 
periment III Dunng the control periods (Pe- 
nods 20, 21, 22, and 23), the patient had a posi- 
tive balance of both calcium and phosphorus , the 
serum calaum was 8 9 mgm per 100 cc and the 
serum phosphorus was 6 9 mgm per 100 cc Up 
to the onset of the experiment the patient had 
been receiving large amounts of vitamin D iihich 
explains why the serum calcium was as high as it 
was (Table III) 

With administration of parathormone m Penod 
24 there was the expected large increase in the 
urinary excretion of phosphorus with a lowering 
of the serum phosphorus The fecal calcium ex- 







































































DrHYDROTACHYSTEROL AND CAIXIUM MErrABOLISM 


327 


crction was little, if at all, influenced, however 
With a lowering of the serum phosphorus there 
was a nse in the serum calaum and an increased 



2 


an additional action on calaum metabolism which 
the parathyroid hormone does not possess (Fig- 
ure 4) 




Fia 4 

Thu 15 constructed similarly to Figure 3 (q v ) It is designed to show 
the difference between the effect of the parathyroid hormone on fecal Ca 
and unnary P CTcrctions and that of A,T 10, 

The chart i« constructed from the data in Tables III and TV It will 
be noted that both A.T 10 and the parathyroid hormone have a simflar 
effect on urinary P excretion. The fecal calcium excretion m the para 
thonnonc expenment however showed no constant variations. The large 
fluctuation* were to be expected because of the large Ca mtake in that 
experiment AT 10 on the other hand probably did have a definite effect 
on fecal calaum (although one would not be sme from this experiment 
above) 

caJarnn cxcrebon in the urme. The findings fit In a previous paper (2) the following diagi 
the hjTiothesis that the fundamental action of the was presented to sho^^ the mam actions of vital 
parathyroid hormone on phospliorus metabolism D on calaum and phosphorus metabolism and 
IS the same as that of A T 10 while A,T 10 has sequelae of these^ons 


r 


328 


FULLER ALBRIGHT, ESTHLR BLOOMBERG, TRUMAN DRAKE AND HIRSH W SULKOWITCH 


(i) Fee Cn — 


Vit D 


(m) Ur P + 


(it) Scr Ca •{- 


(i\) Fee P — 


(vii) Scr P — 


(m) Bone Format + 

I ^ 

(v) Pa rath Activity — 


(vni) Ur Ca + 


(iv) Scr P — 
(vi) Scr P + 
(vn) Ur P ~ 


(x)S€r P + 


(\in) Bone Format — (\iv) Scr Ca + (xv) Ur Ca + 


A similar diagram for AT 10 would be the 
same except that Arrow xi and its sequelae would 
be more accentuated In a diagram for the para- 
thyroid hormone Arrow xi would be accentuated, 
likewise, whereas Arrow i and all its sequelae 
would be absent * 

The studies here reported, therefore, suggest 
that the biological action of A T 10 differs from 
that of vitamin D in the direction of the para- 
thyroid hormone It would seem that if the dif- 
ference could be somewhat further extended, one 
might actually synthesize a substance with the 
same biological properties as the parathyroid hor- 
mone, if not the hormone itself If that were 
the case the parathyroid hormone w^ould join that 
large group of hormones with chemical composi- 
tions resembling cholesterol 

SUMMARY AND CONCLUSIONS 

1 The actions of A T 10 and of vitamin D on 
the calcium and phosphorus metabolism of three 
patients with hypoparathyroidism were studied, 
m one of the three patients tlic effect of the para- 
thyroid hormone was likewise determined 

2 Both vitamin D and AT 10 had the same 
fundamental two actions — to increase calcium ab- 
sorption from the gut and to increase phosphorus 
excretion m the urine, the ratio of the latter ac- 
tion to the former, however, was apparently 
greater with A T 10, which may explain why 
AT 10 IS not antirachitic 

3 The action of vitamin D was slower m com- 
ing on and lasted longer than that of A T 10 

4 The parathyroid hormone resembled A T 

^ These diagrams arc presented, not that the authors 
have much hope that they will not have to be modified at 
a later date, but to help correlate a rather confusing 
mass of data 


10 as regards its property of causing a markedly 
increased urinary phosphorus excretion but dif- 
fered m that it probably had no pnmary action on 
calcium absorption from the gut 
5 Because of tlic similarity between tlie actions 
of tlic parathyroid hormone and of AT 10, the 
latter drug is a most efficacious therapeutic agent 
in the treatment of hjqiop^ii^^hyroidism 

BIBLIOGRAPHY 

1 Holtz, r , Djc Bchandlung dcr postoperatn en Tetame. 

Arch f Chir (Proc.), 1933, 177, 32 

2 Albnght, F , aiihVSulkowitch, H W , The effect of 

\ itnmin D on cafeium and phosphorus metabohsn] 
studies on four patients J Clin Tincsr, 1938, 17, 
305 

3 Bamberger, Ph, Zur Frage dcr Vigantolschaden 

Deutsches med Wchnschr, 1929, 55, 399 

4 %on Wendt, G, 1st das D-Vitamin cine cinheithche 

Substanz? Klin Wchnschr, 1930, 9, 166 

5 Wmdaus, A , Ergostenn und \ntamin D Forsch 

u Fortschr. 1930 , 6, 209 

6 Holtz, F, Laquer, F, Krcitmair, H, and Moll, Th , 

Bcitrage zur Kcnntnis des Vitamins D I Bie 
Wcrtbcstimmung im Tieiacrsuch Biochcm 
Ztschr, 1931, 237, 247 

7 Holtz, F, Gisscl, H, and Rossmann, R, Experi- 

mcntclle und klinischc Studien zur Bchandlung der 
postoperativen Tetanic mit AT 10 Deutsche 
Ztschr f Chir, 1934, 242. 521 

8 Holtz, F, and Kramer, F, Dber Ncbcnsclulddrusen- 

tctanic, Kalkbaushalt, clcktnschc Errcgbarkeit und 
AT 10 Naturwisscnscliaften, 1936, 24, 177 

9 Harnapp, G O , Zur Pathogenese dcr Spasmophilic 

Bchandlungsversuchc mit AT 10 Monatschr f 
Kinderh , 1935, 63, 262 

10 Symposium Die Tetame (Nebenschilddruscnmsuf- 

fizienz) und ihre Bchandlung Med Klin , 1936, 
32, 656 

11 Roggenbau, C, Die Bchandlung der postoperativen 

Tetame Arch f khn Chir , 1933, 177, 34 /• 

12 Rieder, W, Die Bchandlung dcr postoperativen 

Tetame Ardi f khn Chir , 1933, 177, 35 



DIHYDROTACHYSTEROL AND CALCIUM METABOLISM 


329 


13 Die Behandlimg dcr postoperativen 
Tetanic. Arch, f klm Our., 1933, 177, 37 

14 Siuppcr The treatment of tetany Lancet, 1934, 

1, 728. 

15 Rieder, W, Neuc Erfahrungen bdra Vcrgldch ver 

scluedencr Methoden rur Behandlung dcr post- 
operativen Tetanic. Munchen. med Wchnschr , 
1933 80, 1207 

16 Martini, P., and Hcymer, A., Bdtrag xur behandlung 

dcr postoperativen Tetanic mit dem antitctanischcn 
Praparat 10 (A.T 10 Holtx) Munchen. med, 
Wchnschr 1933 BO 1864 

17 Rieder, W., Khnlschc Erfahrungen tnlt A.T 10 

ZcntralbL f Chir (Froc.) 1934 61. 2154 
18. Rieder W Klimsche Erfahrungen mit A.T 10 

ZcntralbL f Chir 1934 61, 2482. 

19 Holtx, F Warm Ist eine Tetanic nut AT 10 zu 

behandeln? Deutsche med Wchnschr., 1934 60, 
1830 

20 Winterstem O , Zur Behandlung schwercr nod 

leichtcr Tctanien mit A,T 10 Deutsche med. 
Wchnschr., 1934 60, 1831 

21 Rieder W., Elrfahrungcn mit A.T 10 Deutsche 

med. Wchnschr , 1934 60 1832. 

22. Wendt, H., and Altenburgcr, E., Zur Behandlung dcr 
postoperativen Tctame nut A.T 10 (Holtz) 
Med. Kha, 1934, 30, 765 

23 Elliot, T R., Treatment of tetany Lancet, 1935, 1, 

641 

24 Ekblom Tore, Zur Behandlung dcr postoperativen 

Tetanic mit A.T 10 Acta chir Scandmav., 1935 
77. 125 

25 Marzahn Hans, tJber elcktrokardiographlsche VerSn- 

dcrungen bci postoperativer Tetanic. Deutsche 
med. Wchnschr 1935 61 507 

26 Arnold C. H and Blum, H., The control of h3TK>- 

parathyroidism. West J Surg., 1936 44. 5^ 

27 Halbcrtsma, J J A.T 10 m therapy of parathyroid 

tetany Nedcrl tijdschr v gcnecsk. 1936 80, 
2844 

28. Holtz F Wclchc StSnmgcn un Nerven und Krds- 
lauf system lasscn iich durch A.T 10 besdtigen? 
Med. Welt, 1937 11, 17Z 

29 JeUcc, H., Em nut A.T 10 behandcltcr Fall von Idio- 
pathischcr Tetanic, sarat dner Ueberslcht uber die 
Tetanlen mit besooderer Hinsicht auf Pathogenese 
und Therapie, Acta med. Scandinav Supp., 1937, 
81 1 


30 Jordans G H W, A new remedy against tetany 

Ncderl tijdsdir v geneeak., 1934, 78, 2750 

31 Feledy K., Treatment of idiopathic tetany by means 

of A.T 10 Orvosi Hctilap., 1936 80, 612. Quoted 
from Chcin. Absts., 1936 30, 6825 
32, Arnold, O., Holtz, F., and Marx H., tlber Bezic- 
hungen dcr Scxualhormonc zum Kalkstoffwechsel 
und lura Knochenmark, Naturwisscnschaftcn, 
1936 24 314 

33 Rauh, W., tlber die Einwirkung des A.T 10 auf 

die Unsen trubungen bci dcr cxperimentdlen Te- 
tanic dcr Ratten. Bcr 0. d. Vcrsamml d. dcutsch. 
ophth. GeselUch., 1936 51, 357 

34 Gissel H , Ober die Behandlung dcr Hfimophilic mit 

A T 10 ZcntralbL f Chir., 1934 61 2488. 

35 Gissel, H tlber die Behandlung dcr Hamophihc mit 

A T 10 Arch, f klin Chir 1934 180 647 

36 Pfenmnger H., Zur Behandlung der Hfimophflle mit 

A,T 10 Deutsche Ztichr f Chir 1935 244, 242, 

37 Danckclman, A, Erfahnmgen rur Behandlung 

schmerzhafter Krampfadem und phlebitlschcr 
Rcizzustande. Arch, f Urn. Chir., 1934 180 173 
38. Holtz, F and Kramer, F., Wirkungswelse, Indika 
bon und (jcfahren von A.T 10 Thcrap d. 
Gegenw 1936 77, 241 and 295 

39 Holtz, F , Die Ndienschilddruscmnsufiizienz, Ihrc 

Diagnose und Behandlung Ber IL d. Vcrsamml 
d. dcutsch ophth Gesellsch., 1936 51. 354 

40 Hoff F., Untersuchungen fiber die Wirkung des 

Piiparates A,T 10 ba parathyreopnver Tetanic. 
Arch, f exper Path. u. PbarmakoU 1935 177, 
204 

41 Holtz, F., Bericht uber Erfahrungen nut A.T 10 

mitgeteilt m dcr Sitzung der Berlmcr (jcscllschaft 
fdr Psychlatne und Nervenkrankheiten am 12, 
Dezeraber, 1933 KUn, Wchnschr., 1934 13, 104 
42. Drake, T G Albnght F., Bauer, W., and Castle- 
man, B , Chrome idiopathic hypoparathyroidism 
Report of seven cases with autopsy findings in one. 
(To be published.) 

43 Nicolaysen R., Studies upon the mode of acticm of 

vitamin D II The influence of vitamin D on the 
fecal outjmt of endogenous calcium and phos 
phorus in the rat Biochem. J., 1937 31, 107 

44 Albnght, F., and Ulnvorth^ R., Studies on the phys 

iology of the parathyroid glands, I Calaura and 
phosphorus studies on a case of idiopathic hypo- 
parathyroidism J CHin. Invest, 1929, 7, 183 



EVAPORATION OF BODY WATER IN LOBAR PNEUMONIA ^ 

By GEORGE K. ANDERSON 

(From the Def^ar1menU of Physiology and Pediatncs Unwtrsiiy of Rochester School of 
Medtane and Dentistry Rochester NY) 

(Received for jmbUcation, January 24 1938) 


In order to maintain a constant body tempera- 
ture the heat loss must equal the heat production 
The modes of heat loss are by radiation, conduc- 
tion, convection, and water evaporation This last 
vanes greatly according to the bodily require 
ments C^ertain modifications in the rate of 
evaporation, concomitant with fever, are the sub- 
ject of discussion m this paper 

The non renal loss of water, often called in- 
sensible loss, consists of water evaporated from 
the skin and from the respiratory passages 
Benedict and Root (1) showed that the total 
evaporation rate parallels the oxygen consumption 
so closely that under limited conditions it serves 
as a measure of the energy metabolism of the 
body Benedict and Root determined that the 
loss from the lungs among a variety of human 
individuals averages 35 per cent of the total m- 
sensible water loss m the resting individual 

Since the insensible perspiration so closely 
parallels the oxygen consumption m health, it has 
been of interest to determine any changes induced 
dunng fever Leyden (2) was one of the earhest 
investigators to demonstrate by daily determina- 
tions of body weight, a retention of water dur- 
ing fever The first measurements m pneumonia 
of evaporation from the body surface, exclusive 
of the head, were recorded by Schwcnkenbecher 
(3) From a patient with lobar pneumonia he 
found less evaporation at the temperature of 39^° 
C than on the morning after the cnsis when the 
temperature was 37 6° C Other mvestigators 
recorded a greater rate of water loss dunng cer- 
tain stages of fever than m the normal state 

Sandelowsky (4) reported seven cases of lobar 
pneumonia m which there was a decrease in body 
weight appearmg concurrently with the disappear- 
ance of* the fever A concentration of the blood 
was found along with the decreased body weight 
Sandelowsky considers this as evidence of rapid 

^ Aided by a grant from the Fltnd Research Fond of 
this School 


loss of water from the blood and body tissues 
At the same tune this author reports three cases 
out of ten which show no such change. 

Lussky and Fnedstem (5) associated a loss of 
body weight at the time of defervescence in 
twenty nine cases of lobar pneumoma in infants 
with a ^^'ate^ retention during the febrile penod 

Sunderman and Austin (6) made careful ob- 
servations on the water balance in six cases of 
lobar pneumonia They concluded that there is 
a negative balance of water m most cases of lobar 
pneumoma under routine care, and either a de- 
crease m negative, or else a positive, ^vater bal- 
ance when pneumoma patients are given plentiful 
NaCl m their diets 

Ribadeau-Dumas and Meyer (7) reported de- 
terminations of water evaporation in cases of 
bronchopneumonia in infants Weighing the 
child for one-half or one hour periods on a bal- 
ance sensitive to 1 gram, they find that m most 
cases the perspiration is increased 40 to 60 per 
cent over normal, with resulting weight loss, 
while in two cases considerably diminished pers- 
piration and some edema are found 

EXPERIilENTAL PROCEDUBE 

The subjects of these observaticms were chil- 
dren m the Pediatnc Divisions of the Strong 
Memorial and Rochester Muniapal Hospitals un- 
der routine care for lobar pneumonia, on diets con- 
sisting chiefly of fluids dunng the febnie penod 
The children were earned from their beds into a 
room having a slow circulation of air from a 
conditioning unit wnthin the insulated room wth 
a constant temperature of 28“ C and approxi 
mately 35 per cent relative humidit) The chil 
dren usually wore no more than a pair of trunks 
and were placed upon a rubber sheet on the Sautcr 
balance. This balance is sensitive to 0 1 gram 
and has a double-swing penod of approximately 
30 seconds The time required for the loss of 2 
grams of weight m small children and S grams m 
older children, taken m one or sometimci sue- 
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cessive periods, determined the water evaporation 
in grams per hour After entering the room, a 
penod of S to 10 minutes elapsed before the 
weighing was made while the child became re- 
laxed and accustomed to his surroundings 

When a separation of insensible loss into loss 
from skin and loss from lungs was desired, the 
subject was made to breathe through flutter valves 
to a bottle of 4 to 8 mesh pumice stone saturated 
with concentrated H^SO^ This bottle rode upon 
the patient’s side of the balance and collected the 
water of the expired air The difference in 
weight before and after collection of respirator}’’ 
water vapor was then determined 

Actual body weight was determined at the time 
of evaporation measurements So far as pos- 
sible, the weighings were done at the same hour 
each day to exclude the effects of excitement, 
baths, or recent meals Since the patients were 
available for study only while in the hospital, the 
stay in some cases was too short for complete 
return to a healthy state and for comparison w'lth 
the febrile period 

RESULTS 

Seven cases of lobar pneumonia in children 
were studied In two of these, partition of the 
lung and skin evaporation was made The re- 
sults in these seven uncomplicated cases show that 
the vaporization of water ran typical courses, one 
of which IS represented graphically in Figure 1 



Fig 1 Patient A S Daily Relation of Insen- 
sible Water Loss to Body Weight and Rectal Tem- 
perature IN Lobar Pneumonia 


The patients were first studied in the febnle 
state Comparison of the rate of water evapora- 
tion at this time with that determined in the late 
recovery penod showed an increase xn body 
evaporation during the fever in five cases, no 
change in one, and a slightly lower value in an 
other The average departure from normal (late 
recovery penod) was a 10 per cent increase 

Since the patients were not available dunng the 
development of the fever, the changes m evapora- 
tion rate which might be observed at that time 
may be inferred from the values found dunng 
the subsequent fall of the temperature, and from 
measurements made upon isolated instances of 
rising temperature as found in two cases of bron- 
chopneumonia and one case with a daily spiking 
fever of unkno^vn etiology These unrecorded 
observations and the changes to be subsequently 
described which arc found dunng the abatement 
of fever all indicate a definite decrease in rate of 
evaporation dunng the development of fever 

If, during fever, this body temperature remains 
constant, the rate of evaporation ranes but little, 
but with either a rise or a fall of rectal tempera- 
ture, the vaporization rate is markedly altered 
showing a rise dunng a drop in tempenriure. At 
the time of the crisis, as the temperature starts to 
fall, the insensible perspiration 6ecomes sensible 
perspiration This change seen as the peak 
upon the chart, usually reaches its maximum 
within the 12 hours foilowing the onset of defer- 
vescence, although 'm two cases it was not re- 
corded 'until the second day following the cnsis 
This may be attnbutable to the infrequency of 
measurements The average increased rate of 
nater loss dunng the cnsis as compared to that 
in the late recover}' period is + 47 per cent Fol- 
lowing this critical period, the rate of evaporation 
gradually returns to the basal toIuc over a period 
of 3 to 4 days 

On the charts are shown the daily determina- 
tions of body weight With the children par- 
taking of fluids almost exclusively, and thus hav- 
ing a low caloric intake, the highest value appears 
just before the subsidence of the fever (best 
sho^vn in Figure 2) Just after the crisis with its 
heightened vaporization, the body weight shows 
a sudden decrease and does not recover until two ^ 
or more days after the crisis It would seem as 
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Fic 2 , PATizifT W C. Daily Relation or Skin 
AND Lung Fractions of Watbi Loss to Body Weight 
AND Rectal Temperature in Lobar Pneumonia. 



Fig 3 Relation of Water Lost through Skin 
(above) and Water Lost from Lungs (below) to the 
Rectal Tempehatuees in Two Cases of Ijdbar Pneu 
monia. 

Arrows Indicate seqacnees of successive meastircrocnts 

if the sudden body weight loss and the body water 
Joss were t^vo measurements of the same thing 
In two cases, simultaneous determinations of 
skin and lung water loss were made Case W C 
m Figure 2 shows the greatest fcbnle increase m 
total insensible water loss bemg an increase of 
26 per cent erv er normal The fraction lost from 
the skin is decreased relative to increased total 


skin and lung loss at this time. The highest 
values for the lung evaporation are recorded dur* 
mg the fever state, giving a skm to lung ratio of 

2 1 Dunng the cnsis, the skm loss increases 
greatly and the lung evaporation decreases to 
make a ratio of 6 1 Subsequently the skm loss 
decreases over 3 to 4 da 3 r 3 until the nearly con- 
stant value IS reached The lung loss remains 
quite constant through convalescence, the last 
measurements showing a skm to lung ratio of 

3 1 

TABLE I 

Insenrtbfe miter lots on sucUtstve davi. dmded tnlo three 
arbitrary Periods in seven cases of lohar pneumonia, 
(Numbera represent grams per square 
meter per hour ) 
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* The highest value measured, usually at time of cnsis 
t This figure la not included in the averages. 


DISCUSSION 

The rate of water evaporation cannot be used 
as a measure of bod> metabolism m lobar pneu- 
monia. One investigator reports an increase of 
as much as 50 per cent in oxygen consumption 
dunng lobar pneumoma (8) while the water 
e\Tiporation studies presented here show an aver- 
age increase of 10 per cent dunng the fever 
There is obviously a shift in heat loss by \\atcr 
vaponzation, for water is not eliminated m pro 
portion to ^vater mtake (6) nor to the rate of 
energy metabolism The mam source of upset 
m water loss is seen m the diminished skin evapo- 
ration This decreased evaporation may be a 
factor m the rise of body temperature which in 
turn produces a nse m energy metabolism One 
explanation for this decreased evaporation from 
the skm may be found m the penphcral >'asocon 
stnction noted in human capillanes by Fremont- 
Smith ct at (9) at the onset of fever The chill 
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SO often experienced at the onset of febrile lobar 
pneumonia in humans may be owing to this cu- 
taneous vasoconstriction 

While a large component of the heat and water 
losses, the water evaporation from the skin, is 
underfunctioning, the loss from the lungs becomes 
increasingly efficient This is due to the elevated 
body temperature and hence greater vapor ten- 
sion of the expired air, and to the increased ven- 
tilation afforded by the rapid shallow respirations 
of lobar pneumonia (10) The increased respira- 
tory water loss with rapid shallow respirations is 
described by Christie and Loomis (11) They 
suggest that this type of respiration excessively 
ventilates those parts of the lungs below the 
bronchi and above the alveoli to produce a water 
loss out of proportion to the COj loss " 

While the heat loss by water evaporation is 
deficient during fever, that share of the heat lost 
by radiation, conduction, and convection is in- 
creased and may be said to be proportional to the 
body temperature Measurements made by the 
author by taking two or three consecutive ther- 
mocouple readings from several skm areas show 
an average rise of one degree skm temperature 
for each degree rise in rectal temperature in lobar 
pneumonia 

A balance is made by the elevated energy me- 
tabolism and faulty skin evaporation on one hand 
and the increased skin radiation and respiratory 
vaporization on the other, such that the body tem- 
perature levels off at the persistent high value of 
the fever state 

At the time of the crisis, tlie temperature falls 
rapidly This is accomplished by a rapid vapor- 
ization of water from the skm , it is only by this 
means that the heat can be lost as rapidly as it is 
An opinion might be expressed that in lobar 
pneumonia the changes in skm evaporation appear 
to allow a more rapid abatement than develop- 
ment of the high fever 

SUMMARY 

1 An increase m the body weight during the 
fever of lobar pneumonia in children is found 


2 The insensible water loss through the skin as 
measured on a Sauter balance is less than normal 
in amount during the rise of the fever (deter- 
mined m fevers other than lobar pneumonia), 
closely approximates normal skm values dunng 
the maintained fever, and is markedly elevated at 
the time of the crisis and gradually decreases for 
3 to 4 days thereafter 

3 The lung vaporization is highest dunng the 
febrile period, taking over in part the defiaent 
heat loss of the skm at this time 

4 The average skm temperature from several 
areas shows one degree nse for each degree rise 
in rectal temperature 

Grateful appreciation is expressed to Dr E, F Adolph 
and Dr S W Clausen for thar many \"aluable criti- 
cisms and suggestions in the course of this work* 
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A COR 31 ELATION OF THE \n VltfO ACTIVITY OF GAS- 
TRIC JUICE ON CASEIN AT pH 7 4 WITH THE 
CLINICAL ACTIVITY OF THE GASTRIC 
INTRINSIC FACTOR 


It has been shown (1, 2) that the oral admin- 
istration of normal human gastnc juice (mtnnsic 
factor) together with beef muscle (extrinsic 
factor) causes mcreased blood production and 
clmical improvement m patients with addisoman 
pernicious anemia Positive effects appear if a 
mixture of beef muscle and gastnc juice, with 
or without prehminary incubation, is adminis- 
tered to the patient at pH 5 or 7 (2) Since 
neither beef muscle (1) nor gastnc juice (2 3, 
4 5, 6, 7) when admmistered alone has a positive 
effect on blood production, it has been inferred 
l©t an interaction between these substances is 
'^‘^'*^or hematopoiesis (2, 3, 7) Such clim- 
to tlS'.e, however, does not serve to indicate 
IS interaction occurs in vxito, witlun 
.ry tract, or parenterally 
:ry recently, no evidence has been ob- 
ly chemicil activity in vitro m neutral 
ff beef muscle and gastnc juice, Un 
:penments made in 1930, in coUabora- 
T C W Heath, on mixtures of beef 
fd gastnc juice incubated in vitro at pH 
d m no detectable increases in the ammo 
Icontent of the mixture. KJem and 
(8) claim that they have demon- 
he synthesis of the tlicrmostable pnn 
|ver by in vitro mteraction of beef mus 
itnnsic factor from hog s gastnc mu 
»ot been sustained in our hands when 

eef^sea of this InvcstigatioQ were defrayed In 
to Harvard Umversrty from Smith, KUne 
L nHf-aboratones, PhiUdcl|*ra, and by the J K 
l -^17^ TTaT-inrH Medical School 


mixtures of beef muscle and gastnc juice were 
80 employed (9) In 1934, however, Gnffiths 
(10) reported mcreases in total mtrogen m tn- 
chloracetic aad filtrates of digests of normal hu- 
man gastnc juice meubated at pH 6 with beef 
muscle globuUn He differentiated this activity 
from that of trypsin and pepsin only on the basis 
of the reaction of the mixture. Because of the 
smaller amounts of mtrogen freed by the secre- 
tions of patients with permaous anemia, he 
pointed out the possibility of identity of this ac- 
tivity of normal human gastnc juice wnth that of 
the so-called gastnc mtnnsic factor Emerson 
and Helmer (11) subsequently attnbuted the pro- 
teolysis described by Gnffiths to a combination 
of slight peptic activity at pH 6 and differential 
adsorption of nonprotein substances by the pro 
terns of the digest 

The results of recent clinical observations (9), 
however, suggest that some essential intcracbon 
between beef muscle and normal gastnc juice does 
occur \vithin the alimentary tract of the patient 
with permaous anemia When a mixture of 200 
grams of beef muscle and ISO ml of normal 
gastnc juice ^vas meubated for 6 hours at pH 
1 8 or 2 5 and w*as given daily at pH 1 8 or 2.5 
to patients with permaous anemia, increased blood 
prcduction failed to occur, but when the mixture 
was given at pH 5 or 7 followng such aad in- 
cubation for 6 or for 12 hours, increased blood 
production did appear Thus, incubation in this 
aad medium for 12 hours apparently did not 
destroy mtnnsic factor Instead it appears prob- 
able that the aad reaction of the mixture, main- 
tained after administration to tlic patient by the 
buffenng properties of the beef muscle protein, 
failed to provide the more nearly neutral environ 
tpent suitable for the essential interaction of the 
beef muscle and gastnc juice Since the ‘ 
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to produce from casein solution, upon incubation 
at pH 74, progressive increases in nitrogenous 
bodies not precipitable by trichloracetic aad 
The fact that the gastric juice employed, which 
was visually, at least, free from bile, did not con- 
tain significant amounts of regurgitated duodenal 
secretion (trypsin or erepsin) is confirmed by the 
relatively slight production of ammo nitrogen 
(Table II, Experiments 19 and 3Sa, Table III, 
Experiment 15a, Table VI, Experiments 65a, 

TABLE VI 


Negative effect of incubation with equal quantity of / per cent 
casein solution at 37 5® C and pH 7 4 of gastric juice 
after treatment vnth iJoyiTs reagent 


Experi* 

ment 

num 

ber 

1 j 

1 

Method of preparation 
of gaatric Juice 

Increase In 
nltroscn In 
trichloracetic 1 
add filtrates 1 

(mrm f>er li 

Increase in 
amino nllroRen 
by formol 
Uiration 

70 ml 



4 hours 

24 hoursl 

■ - 1 

4 hours^ 

24 hours 

67b 

Lloyd’s reagent at 

00 

00 i 

00 

00 

70b 

pH 1 8 (18) 

00 

00 

00 

00 

65b 

Lloyd’s reagent at 

0 04 

03 

00 

00 

70c 

pH 7 4 

0 1 

1 1 

00 

00 

68b 

Lloyd’s reagent at 
pH 7 4 after incu- 
bation at pH 10 
for 2 hours 

00 

02 

00 

00 

67a 

Control — normal 

39 

15 5 

00 

00 

70a 

gastnc juicc 

28 

12 3 

00 

00 

65a 

52 5 

53 9 

10 

20 

68a 

1 

Control — normal 
^stne juice after 
incubation at pH 
10 for 2 hours 

27 9 

47 2 

00 

00 


67a, and 70a) despite considerable increases m 
total filtrable nitrogen Although saliva was un- 
doubtedly present in the samples of gastric juice 
employed, this secretion alone was shown to be 
incapable of significant activity on casein at pH 
7 4 (Table IV, Experiment 3Sd) It thus ap- 
pears reasonable to conclude that the active agent 
in the samples of normal human gastric contents 
was secreted by the stomach 

The use of washed casein (which is not vita- 
min free) as a substrate does not necessarily imply 
that as such casein is clinically an effective ex- 
tnnsic factor That the activity observed was m 
fact due to the presence of the so-called intrinsic 
factor has been established only so far as the 


correspondences between the tn vitro observations 
presented above and the present clinical knowl- 
edge of the characteristics of the intrinsic factor 
allow such an inference Since, according to 
Hclmer and Fouts, only one-half to two-thirds of 
the intrinsic factor was removed by Lloyd’s re- 
agent, the total removal of the tn vitro activity 
by this reagent m our hands needs further study 
It is possible, however, that differences m the con- 
tent of mucus or of other components of the gas- 
tric juice utilized, by interfering with the activity 
of Lloyd's reagent, may explain the differences in 
the results obtained 

Since our preliminary report (12), Dr Fntz 
Lasch (19) of Vienna has published the results 
of independent observations on the activity of 
pepsm-free gastric secretion on powdered beef 
muscle and other substrates at pH 5 5 to 6 The 
gastnc secretion of a Wiviety of patients without 
anemia had significantly greater activity in pro- 
duang nitrogen m tnchloracetic acid filtrates of 
such digests than did samples of sudi gastnc se- 
cretion after boiling Moreover, filtrates from 
digests containing gastnc juice from several pa- 
tients with pcmiaous anemia showed little or no 
increases m nitrogen In patients with hypo- 
chromic anemia and achylia and in patients with 
achylia without pernicious anemia the ability of 
the gastnc secretion to produce nonprotein ni- 
trogen agrees wuth certain clinical observations 
(20), demonstrating the presence of intnnsic 
factor Thus, further significant correspondences 
betw^cen in vitro and clinical observations on in- 
tnnsic factor have been established by Lasch 

In connection wuth wwk demonstrating that 
the substance responsible for the blood forming 
activity of liver upon administration in pemiaous 
anemia is probably an albumose," Dakin, Ung- 
Icy and West (21 ) have recently drawn attention 
to the w'’ork of Glaessner, who in 1902 desenbed 
proteolytic activity m extracts of the gastnc (22) 
and the duodenal (23) mucosa of the hog This 
activity he asenbed to an enzyme which he called 
“ pseudo pepsin ” Glaessner found it active on 
protein in weakly acid or alkaline solution, and 
stated that the cleavage products contained trypto- 
phane Glaessner’s work was partially confirmed 
by Reach (24) and Pekelhanng (25) On the 
other hand, the existence of pseudo pepsin was 
denied by Klug (26), while Bergman (27) iden- 



PROTEOLYTIC ACTIVITY OF GASTRIC JUICE AND INTRINSIC FACTOR 


341 


tified it with erepsin Subsequently, the finding 
of trypsin m gaatnc juice on occasion seemed to 
explain the proteolytic activity ascnbed to pseudo 
pepsm Since at that time there appeared to be 
no known physiological need for such an enzyme, 
further attempts to prove or disprove its existence 
were not made In retrospect, however, the ob- 
servations of Glaessner now appear to possess a 
renewed interest It also now seems probable 
that Gnffiths (10) was correct in reporting pro- 
teolytic activity of human gastric jiuce at pH 6, 
despite the fact that his work could not be con- 
firmed by Emerson and Helmer (11) Fmally, 
since little or no ammo nitrogen is produced from 
casein by the action of the gastnc juice, the reason 
for our failure in 1930 to detect increases in the 
ammo mtrogen content of digests of neutral mix- 
tures of beef muscle and gastnc juice now be- 
comes obvious 

B THE NATURE OF THE lU V\ItO ACTIVITY OF NOR- 
MAL HUMAN GASTRIC JIHCE ON CASEIN 

AT pH 7 4 

The foregoing observations strongly suggest 
that some factor m normal human gastnc juice 
when incubated w ith casein solution at pH 7 4 
causes a progressive increase m the amount of 
nitrogen in the digest, which cannot be preapi 
tatcd by tnchloracetic aad It is possible that 
because of the correspondence of such activity 
witli tlie diaractenstics of the intrinsic factor, as 
determined by clinical observation, the same agent 
may be active in each instance Certain other 
explanations must however, be considered It is 
possible that the increase in nonpreap liable ni 
trogen may have been due to (1) peptic hydroly- 
sis, (2) differences m adsorption upon the protein 
substrate of soluble nitrogenous substances m dif 
ferent types or preparations of gastnc juice (11), 
or (3) the action of tryptic or ereptic like cn 
zymes Finally it is to be emphasized that since 
only small increases in ammo nitrogen iiave been 
observed, the finding of changes in the amount 
of nitrogenous matenal m the digest not preapi- 
tated by tnchloracetic aad, as observed by Gnf- 
fiths (10), Lasch (19) and oursel\cs (12) does 
not necessanly constitute a demonstration of pro- 
teolytic activity Accordingly, vnth respect to our 
expenments, these possibilities were examined 


Exclusion of pepsin 

Smee it IS generally conceded tliat pepsm pos- 
sesses little activity at pH ranges greater than its 
isoelectnc point (pH 4 7), this enzyme could 
scarcely have been responsible for the consider- 
able activity observed m our digests at pH 74 
Further proof of this is afforded by tlie negative 
results of incubation of a 2^ per cent solution of 
pepsm \vith casein at pH 7 4, as shown in Table 
IV, Expenments 30 and 32a Moreover, since 
pepsm IS readily destroyed by alkali the fact that 
exposure of the gastnc juice to pH 10 for 30 
mmutes did not sig^nificantly affect its subsequent 
activity at pH 7 4 (Table II, Expenments 33a 
and 3Sc) would appear to exclude pepsin Again, 
after exposure of gastnc juice to pH 10 for 2 
hours. Its activity at pH 2 5, as judged by the 
Mett’s tube method or by incubation with casein, 
was completely destroyed (Table V, Expenment 
42b), though its activity at pH 7 4 on casein ^vas 
retained (Table V, Expenment 42a) 

Exclusion of irypstn and crepstn 

Since samples of normal human gastnc juice 
were discarded if visibly tmged witli bile and since 
the increase m ammo nitrogen from casein ivas 
tnvial compared with the increase in total fil- 
trable nitrogen (Table II, Expenments 19 and 
35a Table III, Expenment 15a and Table VI 
Expenments 65a, 67a, and 70a), significant con- 
taminabon wTth duodenal contents would seem 
to have been excluded However, the possibility 
that the activity demonstrated may lia\c been 
due to a tryptic or creptic-Iike enzyme of gastnc 
ongm needs consideration, espcaally as this sup- 
position formed the basis of some of the objec 
tions (26, 27) to Glaessner^s work The fact 
that Northrop (17) has shown that between 70 
and 80 per cent of trypsin m solution is destroyed 
by exposure to alkali at pH 10 for 30 minutes at 
40° C seemed to offer a method of discnmination 
This procedure was therefore applied rcspecti\ dy 
to normal gastnc juice, to normal gastnc juice 
purposely contaminated with duodenal contents 
and to gastnc juice from bvo patients wnth per 
niaous anemia obviously containing regurgitated 
duodenal cootents 

Prclimmary exposure of gastnc juice to 
did not significantly affect the increases m 
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sembles m its time relations that produced by 
pepsin, the fact that the subsequent activity of 
the gastnc juice was not significantly affected by 
exposure to alkali and that thereafter activity was 
maximal at about pH 8 and absent at pH 2 5 
would appear to exclude pepsin acting m its 
usual manner Pepsinogen should have been en- 
tirely converted to pepsm by the natural acidity 
of the gastnc juice and would then have been 
destroyed by the alkali If any pepsinogen had 
remained unconverted to pepsin, it should have 
become active as pepsin when the gastnc juice 
was brought to pH 2 5 It thus appears that a 
type of proteolysis resembling that of pepsm m 
acid solution occurs when normal human gastnc 
juice acts upon casein m a neutral environment 
Whether or not there is any relationship between 
the enzyme reported by Glaessner m 1902 and the 
proteolytic activity of gastnc juice described m 
this communication remains to be determined 

CONCLUSIONS 

1 Incubation at 37 5*^ C and pH 7 4 of equal 
quantities of normal human gastnc juice and 1 
per cent casein solution results in progressive in- 
creases m the nitrogenous substances in trichlor- 
acetic filtrates of such digests 

2 This activity of normal human gastnc secre- 
tion, like that of the so-called intrinsic factor, is 
apparently (a) independent of the presence of 
saliva and of regurgitated duodenal contents, (b) 
absent or greatly diminished in the gastnc secre- 
tion of patients with addisonian peniicious 
anemia, according to our observations and those 
of Lasch, (c) not destroyed by Bcrkefeld filtra- 
tion or exposure to alkali , destroyed by exposure 
to 40° C for 72 hours, or to 70° to 80° C for 30 
minutes, or by boiling for 5 minutes, and (d) 
inhibited by an environment more acid than pH 
35 

3 The m viiro activity of normal human gas- 
tric juice IS entirely removed by treatment with 
Lloyd's reagent, which, however, Helmer and 
Fouts have shown by clinical test to effect only 
partial removal of the intrinsic factor 

4 As determined by a modification of the ni- 
trogen partition method of Wasteneys and Bor- 
sook, hydrolysis of casein by gastnc juice at 
37 5° C and pH 74 progresses within 24 hours 
chiefly to the stage of proteoses and peptones, 


with production of relatively little ammo nitro- 
gen 

5 This evidence is regarded as consistent with 
the action of a proteolytic enzyme 

6 The proteolysis observed is considered not 
to be due to pepsin acting in its accepted man- 
ner because the activity ^vas not significantly af- 
fected by exposure to alkali and thereafter was 
maximal at about pH 8 and absent at pH 2 5 

7 The proteolysis observed is considered not 
to be due to tr)^ptic or ereptic-like enzymes acting 
in their accepted manner because the activity was 
not significantly affected by exposure to alkali, 
because thereafter significant activity was ob- 
served at both pH 5 and pH 7 4, and because rela- 
tively little ammo nitrogen was produced within 
24 hours at 37 5° C 
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It IS well known that the magnitude of the 
urea clearance in man is related to the rate of 
water excrehon (unne flow), this relationship 
being commonly expressed m terms of the stan- 
dard " and " maximum ** clearances of Mdller, 
McIntosh and Van Slyke (20) But the actual 
physiological basis for the relationship is un- 
determined It IS recognized that the rate of ex- 
cretion of urea in the higher ammals is consider- 
ably less than would be expected on the basis of 
glomerular filtration this was first indicated by 
Mayrs (19) from a comparison of the rates of 
excretion of various substances in the rabbit, and 
later substantiated for this animal by the investi- 
gations of MacKay and Cocknll (17), for man 
by Rchberg (25), for the dog by Jolliffe and 
Smith (16), the seal by Smith (32), the sheep by 
Shannon (27), and the chicken by Pitts and Korr 
(23) 

Rehberg (25) and Holten and Rehberg (13) 
suggested that the relationship between urea clear- 
ance and unne flow in man is owmg to the pas 
sive diflJusion of urea across the tubules in con- 
sequence of the creation of a concentration 
gradient by the reabsorption of water from the 
glomerular filtrate Van Slyke, Rhoads, Hiller, 
and Alving (37) and Gordon, Alving, Kretzsch 
mar, and Alpert (11) have observed in dogs with 
explanted kidneys that, although over any con- 
siderable penod of time the urea clearance bears 
a fairly constant relationship to the rate of filtra 
tion, the fraction reabsorbed may vary markedly 
from moment to moment, but the reasons for this 
variation are unknoivm 

In the absence of any substantial evidence to 
the contrary, it may be assumed that the deficit 

^ This paper is based on a thesis submitted by the first 
author In partial fulfillment of the requirements for the 
degree of Doctor of Medical Saence at New York UnJ 
Ncrslty 


between the urea clearance and the filtration rate 
in man is due entirely to tubular reabsorpbon, but 
m view of Shannon's (27) observations on the 
dog it 13 clear that this reabsorption is not re- 
lated m a simple manner to tlie rate of water ex- 
cretion 

No S 3 rstematic observations have been recorded 
on the relationship of the urea clearance to the 
rate of glomerular filtration and of water cxcre 
tion m man Numerous investigators have ex- 
ammed the simultaneous creatinine and urea clear- 
ances m normal man and in subjects with acute 
or chronic diffuse glomeruloncphntis, among 
whom may be mentioned Rehberg (24, 25), 
Holten and Rehberg (13, 14), Cope (6), Hay- 
man, Halsted, and Seyler (12), EUis and Weiss 
(8, 9,), Cambier (5), Covian and Rehberg (7), 
Winkler and Parra (38 39), Bjenng (3) and 
Bing and Bjenng (2) The most important facts 
established by these investigations are that the 
urea clearance (with fe\v questionable excep- 
tions) 13 less than the creatimne clearance, and 
that in renal disease the two clearances are re- 
duced in a roughly parallel manner A few in- 
stances have been recorded in which the urea 
clearance was excessively reduced, relative to tlie 
creatinine clearance, indicating, as Rehberg (25, 
13) suggests increased permeability of the tu 
bules and abnormal back diffusion of urea 
In view of the evidence against the acceptance 
of the creatimne clearance as a measure of glo- 
merular filtration m man (26, 33), m view of the 
importance of the possibihty of increased per- 
meability of the tubules in glomerulonephntis, and 
in view of the inadequacj of our knowledge con 
cenung the mechanism of excretion of urea, it 
^vas felt that a study of simultaneous inulm and 
urea clearances in normal subjects and m subjects 
with renal disease would be valuable. 

The present report includes observations on 10 
subjects with normal renal function and 22 sub- 
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jects With acute or chronic glomerulonephritis* 
All subjects were patients on the Medical Service 
of the Third (New York University) Division of 
Bellevue Hospital The normal subjects had been 
admitted for treatment of diseases other than 
those of the gcnito-unnary or cardiovascular sys- 
tem They gave no history of renal disease and 
at the time of examination they had apparently 
normal renal function After convalescence they 
volunteered to act as subjects for this study 
They were under the supervision of a nurse en- 
gaged in an investigative capacity and they were 
given a mixed diet containing approximately 225 
grams of carboh^^drate, 110 grams of fat and 70 
grams of protein, with an adequate supply of 
minerals and vitamins They received no drug 
therapy during the course of obseix^ation Three 
normal subjects were chosen for a special exami- 
nation of the urea clearance m relation to the rate 
of urine excretion In each senes of observations 
on these subjects, clearance dctcnninations were 
made over as wide a range of urine flow as pos- 
sible The subject was hydrated by the adminis- 
tration of 3 liters of water daily for 1 to 3 days 
previous to observation, on the morning of ob- 
servation he received no breakfast but drank 2 
liters of water, the last water being administered 
at least 45 minutes before the first clearance 
period Since it was impossible to obtain low 
unne flows after diuresis, these clearances had to 
be determined at essentially constant unne flows 
during moderate dehydration effected by abstin- 
ence from water for 48 to 60 hours In general, 
each senes of observations continued over a 
penod of two and one-half hours, the urine col- 
lection periods varying according to the rate of 
unne flow from 7 to 25 minutes The general 
methods of examination of all subjects, the ad- 
ministration of inulm by constant intravenous in- 
fusion, the collection of urine and methods of 
chemical analysis have been described by Smith, 
Goldnng, and Chasis (34) 

2 A preliminary report has been made on the inuhn 
and phenol red clearance, etc m these nephritic subjects 
by Goldring and Smith (10) and a full report will be 
made later This report constitutes a full discussion of 
the excretion of urea in these subjects, and we arc in- 
debted to Dr Goldnng for tlie opportunity to present 
these observations 


normal subjects 
E§cct of inuhn on ureci cl car 077 ce 

In order to determine whether the administra- 
tion of inuhn has any effect on the urea clearance, 
we have examined the latter m one subject (C B ) 
m 34 periods wthout, and 39 periods with, simul- 
taneous inulin clearances These observations 
will not be reported in detail, but it may be said 
that when the urea clearance is plotted against 
unne flow the two sets of data, with and without 
muhn, are entirely supcnmposable It is con- 
cluded that neither inuhn nor our method of ad- 
ministering it by constant intravenous infusion 
changes the specific relationship of the urea clear- 
ance to the rate of urine flow 

Relation between filtration rate and unne flow 

We present for examination of this question 
130 simultaneous mulm and urea clearances in 3 
nonnal subjects (E B , T G , and C B ) who 
were the object of special study, and 95 simultan- 
eous inuhn and urea clearances in 7 other normal 
subjects,* the latter being examined when the rate 
of urine formation w^as falling or had attained a 
moderately steady rate after w^ater diuresis The 
average inuhn clearance for tlie individuals in 
this group, excluding Subject C B j'* ranged from 
110 0 to 128 8, with a mean of 120 5, compared 
to the mean nonnal \^Iuc of 122 5 cc per 1 73 sq 
m per minute (34) 

There is a slight correlation between the rate 
of filtration and the unne flow, as wnll be seen 
m the detailed data on Subject E B given in Fig- 
ure 1, m the data on Subject T G w^hich have 
been recorded by Smith (Figure 6 (33)) and in 
the mass data on all subjects given m Figure 2 
It IS admittedly difficult to interpret tins cor- 
relation, since several incidental factors may m- 


® These 7 subjects arc mentioned in the summary pre- 
sented m Tabic III of Smith, Goldring and Chasis (34) 
’*Sub;cct C B Miongh gnmg no history of renal 
disease, showed average urea and inuhn clearances of 
about SO and 95 cc respectivel> , these values he outside 
the range of normal values, as observed by Smith, Gold- 
ring and Chasis (34) He also showed anomalous renal 
function in that it was impossible to raise his unne flow 
by extreme water diuresis abo\e 80 cc per minute. But 
in respect to the urea/inulin clearance ratio he beha^ed 
like the other nonnal subjects examined here, and data 
upon him are included m Figure 4 
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Fia 1 42 SiuuLTAKEOUB Inuun (dots) and Urea (circ/fj) Clearances on Subject E. B 

DURING Failing or Constant Urine Flows 
Each datum is a Bingie clearance penod* 


fluence the filtration rate. For example, we are 
mclined to attribute the evident tendency for the 
filtration rate to increase above the average value 
at high unne flows to hydremia, mcrcascd cir- 
culation, etc,, attending the admmistration of large 
quantities of water and the tendency for the 
filtration rate to fall below the average value at 
low unne flows to extrarenal factors such as an- 
hydremia, oligemia decreased cardiac output or 
vasomotor effects of dehydration We recog- 
nize that when the filtration rate can, under basal 
conditions, vary in a single individual by ± 10 cc 
per romute, it would be hazardous to conclude 
that slight changes in this process have no physio- 
logical relationship to unne flow but m the same 
subject at the same filtration rate the unne flow 
may vary on different occasions from 1 0 to 16 cc. 
per minute, or at the same unne flow the filtra- 
tion rate may vary from 110 to 130 cc. Such 
correlation as may exist at normal filtration rates 
appears to be madcntal and to have no physio- 
logical relation to unne flow within the range of 


0 5 to 20 cc per minute This conclusion is in 
agreement \nth the lack of correlation between 
the creatmme clearance and unne flow, os demon- 
strated b> Holten and Rehberg (13), Covian and 
Rehberg (7) and others (We have not ex- 
amined the filtration rate at unne flows below 
0 5 cc per minute since such low flow s cannot be 
obtained without excessive dehydration, particu 
larly when saline is being given by constant intra- 
venous infusion ) 

Possible cotwerston of urea to aminonta 

Since urea is completely filtrablc from the 
plasma the difference between the urea clearance 
and the filtration rate must he owing to removal 
of urea from the glomenilar filtrate. The pos- 
sibility that the defiat m the urea clearance m 
aadosis is a result of conversion of filtered urea 
to ammonia has been disproved in the dog b) 
Pitts (22) and Alving and Gordon (1) though 
whether this is true for man is uncertam (36) 
That such conversion does not contribute to the 
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Fig 2 186 Simultaneous Inuun (dots) and Urea {circles) Clearances in 9 Normal Subjects during 

Falung or Constant Urine Flows 

Each datum is a single clearance period Line A mem plasma inulm clearance (122 5 cc ) in normal man 
(34) , line B mean plasma urea clearance (70 5 cc) reported by Smith, Goldnng and Chasis (34) , line C 
mean plasma urea clearance (67 5 cc) calculated from Moller, McIntosh and Van Sljke’s (20) Aalue for whole 
blood, assuming 60 per cent plasma 


difference between the urea and mulin clearances 
m normal man is indicated by the small amount 
of NH 3 excreted normally, we have demonstrated 
this specifically by 14 observations on Subject 
T G , which show that the urea + ammonia — 
N clearance is not significantly greater than the 
urea clearance, either at high or low urine flows 

Rcahsorphon of urea 

In discussing the reabsorption of urea it is 
necessary, for reasons which will be apparent, to 
divide the data into two categories, first, clear- 
ances determined when the urine flow is decreas- 
ing or has reached a constant value, and second, 
clearances determined when the unne flow is in- 
creasing m consequence of water diuresis 


Inspection of the absolute urea clearance, as 
portrayed m Figures 1 and 2 , shows that there is 
a progressive increase m the urea clearance as the 
urine flow increases from low to high values 
This IS owing in part to the increase in glomerular 
filtration and in part to diminished reabsorption 
Variations m the latter can best be examined by 
considering the urea/inulm clearance ratio, since 
1 — urea/mulm clearance ratio gives directly the 
fraction of filtered urea which has been re- 
absorbed For the examination of the effect of 
urine flow upon this reabsorbed fraction it is con- 
venient to relate the latter to the U/P ratio of 
inuhn, since this ratio expresses the degree to 
which the glomerular filtrate has been concen- 
trated by the reabsorption of water The data on 
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Frc, 3 Ta« Ubea/Inulin Clearance Ratio in Sub- 
jects E. B and T G in Relation to the Decree or 
Concentration oe the Glomerular Filtrate as Inbi 
GATED BY THE INULIN U/P RaTTO 

Each poult 15 a single clearance period The circles 
are observations on falling or constant urme flows and 
the triangles are observations immediately after the ad 
mmlstratlon of 1500 cc. of water 

Subjects E B and T G are presented in this 
manner m Figure 3 

At mulm U/P ratios of 6 to 10, which are the 
lowest obtainable in normal man during water 
diuresis (if, at unne flows of 12 to 20 cc, per 
minute), the urea/inubn clearance ratio does not 
on the average nse above 0 60 , i e at maximal 
diuresis 40 per cent of the filtered urea is re- 
absorbed As the U/P ratio of muhn increases 
(le, as the unne flow decreases), the urea/lnu 
Im clearance ratio decreases showing that a larger 
fraction of filtered urea is reabsorbed at low than 
at high unne flows Although a fairly regular 
relationship exists between the log of the inulm 
U/P ratio and the fraction of urea reabsorbed 
the large scatter of the data suggests that the 
reabsorpbve process is influenced by factors other 
than the ultimate degree of concentration of the 
glomerular filtrate, Twx) such subsidiary factors 
will be indicated later 


The effects of nsing unne flow on the urea/ 
mulm clearance ratio were exammed m three sub- 
jects Observations on Subjects E B and T G 
arc shown by the solid tnangles m Figure 3 
(For similar observations on Subject C B see 
Figure 23 (33) ) Abrupt acceleration of unne 
flow leads to an increase m the urca/inulm clear- 
ance ratio, this increase bemg out of proportion 
to the antiapated effect of changing muhn U/P 
ratio, as observed when the unne flow is decreas- 
ing or constant This transitory elevation of the 
urea clearance, relative to the mulm clearance, is 
probably identical m ongm with the similar phe- 
nomenon in the dog (27) It can be elicited both 
at low and intermediate unne flows, and by the 
intravenous admmistration of hypertomc sodium 
sulphate, and it may occur after the adimnistra- 
tion of Tvater even though the decrease m inuhn 
U/P ratio IS negligible It does not appear to 
be a result of error m calculating clearances intro- 
duced by dead space in the tubules, ureters, or 
bladder, since the plasma concentration of both 
mulm and urea was practically constant dunng 
these observations , the effect of flushing out dead 
space on the U/P ratio of both substances should 
tliercfore be identical 

We feel justified, in considering the problem 
of urea rcabsorption, m assuming that the re- 
lationship between the mulm and urea clearance 
as observed dunng falhng or constant unne flow 
represents the pnmary physiological relationship, 
and we set aside the elevation of the urea clear- 
ance dunng acceleration of the unne flow as a 
subordinate phenomena which cannot profitably 
be discussed at this time. 

In the upper part of Figure 4 there is presented 
a mass plot of data on the 10 normal subjects ex- 
amined by us The line B represents the best 
straight line that can be drawn through these data, 
excluding the points at the extreme nght In 
considcnng the sigmficancc of tlus Imc it must be 
recognized that the lowest muhn U/P ratios ob- 
served by us in normal man at or after the peak 
of TTOter diuresis, range from 10 to 6 (t c , unne 
flows of 12 to 20 cc, per mmutc) The highest 
mulm U/P ratio obtainable wnth our technique of 
examination (i e , with intravenous saline at 4 0 
cc, per minute) is about 200 (unne flow == 0 6 cc, 
per minute), though much higher can ^ 
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obtained without infusion ® Except for slight 
differences in slope, line B corresponds very 
dosely to the recent data of Shannon (29) on 
Dogs C and G (whidi appear to be typical), the 
urea/inulm dearance ratio in tliese two dogs and 
in our data having a common value of 0 56 at an 
inulm U/P ratio of 20 So it may be said that 
between inulm U/P ratios of 6 and 200 (urme 
flows of 20 and 06 cc,) man and dog behave so 
nearly alike in respect to the reabsorption of urea 
that the underlying causes may be considered to 
be essentially the same m both species 

Shannon (27, 29) has presented arguments 
against the belief that the reabsorption of urea 
m the dog is owing to a smgle process of passive 
diffusion determined by the degree of concentra- 
tion of the glomerular filtrate and the tune of 
contact of the tubular unne with the renal tubules, 
as calculated from the final composition of tlie 
unne He has recently shown that when diuresis 
IS induced by tlie continuous intravenous infusion 
of glucose, Na 3 S 04 , or urea, the urea/mulin 
dearance ratio rises towards 1 0 following the 
path indicated by Ime A m Figure 4 At muhn 
U/P ratios of 1 5 to 2 0 (unne flows of 50 ca 
per minute m a 20 kgm dog) he has obtained 
urca/inuIm dearance ratios as high as 0S45 

We have not attempted to make observations 
durmg forced diuresis m man, but since the ex- 
cretion of urea in dog and man are so similar 
m all other respects there is every reason to be- 
lieve that the human kidney would respond m the 
same manner as the dog kidney We therefore 
present the hvo lines, A and B m Figure 4, as 

• Because of the msolubiUty of inulin it is advisable 
to keep the unne flow above IX) cc, per mmutc, or to 
reduce considerably the plasma concentration of nmlin 


representing the approximate rdationship m the 
normal human kidney of urea reabsorption to the 
inuhn U/P ratio at values of the latter ranging 
from 1 to 200 (i c , at unne flows between 122 and 
06 cc, per minute) 

Fhyswhgtcal basts of urea reabsorption 

There is no evidence that urea is actively re 
absorbed m any mammal , such active reabsorption 
IS known to occur m the clasmobranch fishes, 
where the concentration of urea m the blood is 
very high (2000 to 3000 mgm per cent), the 
concentration m the unne is m\'anably less than 
in the blood, and the concentration in the unne 
may nse and approadi tlie concentration in the 
blood dunng diuresis But in the elasmobrandi 
fishes a speaal segment of the tubule, not present 
m otlier vertebrates, is apparently responsible for 
this active reabsorption (31) All the evidence m 
the mammals points to the condusion tliat urea 
IS reabsorbed passively, however multiform or 
complex this reabsorption, and, indeed, it ap- 
pears that this reabsorption can be explained en- 
tirdy diffusion m consequence of a concentra 
tion gradient established by the reabsorption of 
water, providing it is assumed that the reabsorp 
tion of water takes place in at least tivo stages and 
at different loa in the tubule, 

Altliough present methods do not afford a 
means of distmgiushmg separate processes of 
\vater reabsorption, Smith (33) has suggested that 
at least two such processes exist One consists of 
the isosraotic reabsorption of 'water in the proxi- 
mal tubule, which is accompanied by, or made pos- 
sible by, the simultaneous reabsorption of dilor- 
idc, glucose, and otlicr substances Since this 
process accounts for about 100 cc out of the 120 


Fia 4 (Above) 225 Observations on 10 Nohual Subjects at Urine Flows from 20 down to Oi cc fer 
Minute (the Normal Range of Diuresis) 

Line B the best straight line through these data Line A the relaUonship to be expected at unne flows 
of 20 to 122 cc. per minute, based on observations on the dog (29) 

It IS suggested that Ime A represents one rcabsorptive process related to the obligatory reabsorption of 
water in the proximal segment, and Hne B a second reabiorptivc process related to the facultative rcabiorp- 
tion of water m the thvn lunb and distal segment. The former process cannot be abolished in the normal kidney 
by water diuresis, 

(Below) 167 Observations on 22 Subjects with Glomeruxonephritis 
Lmes ^ and j 5 ai described above. At any givtn mulln U/P ratio the fraction of urea reabsorbed ii csJcn 
tialiy the same m the nephritic kidney at all suges of the disease as in the normal Partial impairment of 
hgator> reabsorption of water at a time when facultative reabsorption is stitl present Tends to obi w. 
between A and B 
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cc of glomerular filtrate which is never excreted 
by the normal kidney, Smith called it the ‘'obliga- 
tory '' reabsorption of water The second process 
of water reabsorption appears to occur m the dis- 
tal portions of the tubule , it is in this process that 
the final urine is concentrated and raised to os- 
motic pressures greater than the blood, and since 
It IS by variations m this process that the rate of 
water excretion (unne flow) is controlled, the 
process was designated as “facultative" reab- 
sorption 

We are inclined to attribute that moiety of urea 
reabsorption (30 to 40 per cent) which occurs at 
inulm U/P ratios of 10 to the obligatory rcab- 
sorption of water, and the further rcabsorption 
of urea at inulm U/P ratios above 10 to the 
facultative reabsorption of water In doing so, 
we are joining with Shannon (29) m a similar 
identification m the dog Since the obligator)^ re- 
absorption of \ratcr cannot be reduced by \\ater 
diuresis in normal man (i c , the inulm U/P ratio 
cannot be lowered much below 10), the urea 
clearance cannot be raised by water diuresis 
higher than about 70 per cent of the filtration 
rate 

It must be recognized that a reduction in the fil- 
tration rate, wdiether resulting from lowered ar- 
tenal pressure, oligemia, or other causes, can lead 
to an increased reabsorption of urea, possibly be- 
cause it prolongs the time for diffusion (27) 
Variations m the filtration rate relative to the 
mass of normal tubular tissue, together with varia- 
tions in the obligatory reabsorption of water, may 
in part account not only for the scatter of the 
data m Figure 4, but also for the elevation of the 
urea clearance on rising unne flows, as illustrated 
m Figure 3, and the apparently excessive depres- 
sion of the urea/inulin clearance ratio at high 
muhn U/P ratios m both normal and nephntic 
subjects Although of considerable importance, 
it is impossible at the present time, and unneces- 
sary for our present purposes, to treat these as- 
pects of the problem quantitatively 

Inulm and urea clearances in subjects with 
glomeriilonephntts 

We present 167 simultaneous urea and muhn 
clearances m 22 subjects, 7 of whom were ex- 
amined during a first attack of diffuse glomeru- 
lonephritis and 15 m the chronic stage Some 


of the latter were examined dunng an acute exa- 
cerbation There appears to be no necessity for 
considenng these subjects m detail, essential data 
arc given m Table I, and the urea/inulm clear- 
ance ratio in relation to the muhn U/P ratio is 
presented in the lower part of Figure 4 

It is to be noted that our observations on sub- 
jects with glomerulonephritis have all been made 
under conditions of water plethora, and on the 
descending limb or close to the peak of maximal 
w^ater diuresis Our data are therefore of such 
a nature as to reveal a change m the minimal mu- 
Im U/P ratio 

It IS immaterial to this discussion whether or 
not the unne during maximal diuresis is dilute, 
m the sense of having a low specific gravity, since 
the specific gravity depends upon the vanable re- 
absorption of chlonde, glucose, and other sub- 
stances The important point is the extent to 
which the glomerular filtrate is concentrated by 
the obligatory reabsorption of water 

As said above, in tlie normal subject the mini- 
mal inulm U/P ratio has never been observed to 
fall below 6, and it frequently cannot be reduced 
below 10 This is m sharp contrast to the ne- 
phritic kidney in winch the reabsorptive function 
of the tubule has been impaired by disease 
Reference to the mass plot m the lower part of 
Figure 4 show's that, wnth advancing destruction 
of renal tissue, the minimal inulm U/P ratio falls, 
and ultimately reaches such low values as 2 0 
It must be concluded from this fact that dunng 
the course of disease the obligatory reabsorption 
of water is for some reason impaired In ad- 
vanced nephritis there is frequently a continuous 
excretion of base and chloride,® and it is possible 
that It IS the failure of clectrol^de reabsorption 
and related processes that leads, by osmotic ob- 
struction, to reduction m the obligatory reabsorp- 
tion of water But whatever the cause, as the 
minimal muhn U/P ratio falls from 10 to 2, the 
reabsorption of urea decreases and the urea/inu- 

0 This circumstance perhaps contributes to the feed 
specific gravity of the unne, characterized clinically as 
isosthenuria* Our observations were not designed to 
examine the effect of disease upon the facultative re- 
absorption of water (i e , the production of a hypertonic 
unne) , it is presumably the failure of this process that 
leads to the clinical conditions of polyuria and hy- 
postlienuna* 
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TABLE I 


Inidtn and urea dear anus \n subjects vnth acute or 
chronic dtfuse ilomcruloncphrUts 


Subject 

IJ*yi 

•fter 

flnt 

obeervm 

tkio 

Flatma area 

I Cleaiwicc * 

per 1 73 iq m. 

Inulln j 

Urea 

1 


P<T uni 

ec ptr 
minnU 

U. Ptr 
mlnnU 


Acirrs DIFFUSE CL OMSK ULONBPnfi ms 


a M 


62^ 

57 6 

3U 

0 Mf 


404 

71 9 

43 0 

T B 


690 

A62 

26 6 

T B 

7 

50 4 

61 3 

45 4 

T B 

14 

55 1 

61 6 

44.2 

T B 

25 

44 7 

71 1 

47.5 

T B 

36 

41 1 

81 9 

557 

R. M 


302 

97 9 

57.2 

I G 


27 5 

108 2 

644 

P S 


33 6 

88.3 

35 8* 

1 E 


17 1 

130 6 

591 

J E 

5 

18 5 

118J 

57 9 

J E 

12 

20 4 

122 1 

62J2 

1 E 

35 

22 5 

122 3 

58 9 

D G 


34 6 

89 1 

39.5* 

D G 

S 

33 3 

88.S 

39 6 

D G 

21 

23 7 i 

U78 

687 


CHRONIC diffuse caLOUERULONEPHlOTlS 


M T 


37 2 

28 8 

233 

K.S 


. 75 7 

1 17.3 

1 14 7 

T a 


254 6 

44 

1 34 

T S 

7 

266 0 

4.5 

38 

T S 

21 

1 292 0 

47 

37 

T S 

1 28 

1 301 0 

49 

4 1 

T S 

49 

387 5 

48 

40 

T S 

65 

1 421 0 

35 

28 

A.Ct 

1 

98 7 

98 

79 

S N 


34 5 

49 6 

34 2 

E M 


125 0 

13 6 

10 0 

D G 

336 

23 6 

1363 

643 

CP 


153 9 

18 4 

14 7 

D W 


298 0 

55 

4 7* 

J D 


142^ 

13 8 

11 4 

Ls 


181 

105 6 

45 4 

US 

12 

21 1 

143 5 

60 6 

H a 


87 6 

IS 8 

12 5 

H S 

365 

228 2 

62 

54 

US 


145 4 

13 9 

10 7 

T u i 


70 0 ; 

60 8 1 

314 

T L ! 

6 

66 0 1 

66 7 

32 9* 
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t These subjects were in congestive heart faDure at the 
time of examination Their urea/inulm deaiance ratios in 
relation to the inulm U/P ratios were in agreement with all 
the other subjects studied 

Hach clearance figure is the average of four consecutive 
onne collection periods with average unne volume of 1 0 to 
1»5 cc. per minute where marked • otherwise above 1 5 cc, 
per minute. 


Im clearance ratio nsea to\s^rds 1 0 along the 
general course indicated by line A. In short, at 
any given inuhn U/P ratio the rcabsorption of 
urea proceeds m the nepbntic kidnej )ust as it 
would m the normal kidney 

Certain apparent exceptions to this statement 
are, we believe, subject to explanation. The data 
on the nephntic kidney are not distnbuted in t\\o 
distinct relationships {A and B) in Figure 4, but 
fall with fair uniformity along a single rectilinear 
relationship This transposition is to be ex- 
pected if impairment of the obligatory reabsorp- 
tion of water (which would lead to movement 
upward along line A) occurs at a time when Uie 
facultative reabsorption (which leads to move- 
ment to the nght along line B) is still capable of 
concentrating the unne Hence an early reduc- 
tion m the obligatory rcabsorption of 'water would 
tend to obliterate the angle between line A and B 
The tendency of the data to fall below line B at 
high inulm U/P ratios may be associated wntli a 
reduction in filtration rate, cither due to pterenal 
deviation of water or glomerular dysfunction, at 
a time when the mass of functional tubules is still 
essentially normal 

The above interpretation rests upon the assump- 
tion that the inulm clearance is a trustworthy in- 
dex of the rate of glomerular filtration m the 
nephribc kidney It might be argued that, even 
though there is no reabsorption of inulm in the 
normal kidney, such rcabsorption occurs in the 
nephntic ladnev, and that the convergence of the 
urea and inulm clearances m the latter is a result 
of the simultaneous diffusion of these substances 
out of the tubular unne. Against this belief 
there may be ad'vanced the facts that the diffusion 
coeffiaent of urea is seven times as great as that 
of inuhn (4), and the difference in penetrating 
power must be even greater where protoplasmic 
bamers arc involved The normal tubule is ap- 
parently impermeable to inulm, and its permc- 
abihty to urea (one of the most diffusible sub- 
stances so far as living tissues are concerned) is 
of a \"ery low order If an increase in permeabil- 
ity occurred, urea should escape first, and sc^-en 
times as rapidly as inulm, and the fraction of 
urea reabsorbed should show a detectable increase 
Moreover, the urca/inulm clearance ratio should 
decrease more rapidly wnth increasing inuhn U/P 
ratio, in the nephntic kidney than it docs in 
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Fig 5 The Urea Clearance When K = 20 ca Per Minute (43 Observations) in 22 

Subjects with Glomerulonephritis 


Since the value of the urea clearance depends on the unne volume, the use of unsclectcd urea clear- 
ances for the above companson introduces unnecessary deviation, and for the construction of this figure 
we have first plotted all our urea clearances against the unne flo\\ Treating each group of subjects 
having approximately the same inulin clearance scparatelj, we ha^e drawn smooth curves through the 
resulting scatter diagram and from these curves interpolated the ^aluc of the urea clearance for each 
subject when the unne flow is 20 cc per minute. In the early stages of disease the urea clearance (F 
= 20 cc. per minute) has an average value of 50 per cent of the inuhn clearance , as renal impair- 
ment progresses it rises to 90 per cent of the inulin clearance. Lines A and B show the relationships 
calculated from the corresponding lines in Figure 4 Line D (not shown m Figure 4) is the relationship 
calculated from a single median line through all the data on nephntics, as shown in that figure. 


normal All the data are contrary to these ex- 
pectations In our senes we have not observed a 
nephritic subject, such as has been reported by 
others (14, 2, 5, 39), m whom the urea clearance 
falls to low values relative to the glomerular clear- 
ance It may be that m such subjects the glomeru- 
lar clearance is abnormally high, that the filtra- 
tion rate relative to the residual functional tubu- 
lar tissue IS abnormally low, or that unusual reab- 
sorption of urea occurs by the mechanism re- 
sponsible for the transient, complete reabsorption 
which has been reported in the dog (11, 37) 


But insofar as tlie subjects examined by us are 
typical of the course of glomcrulonephntis, it is 
clear that the reabsorption of urea decreases pro- 
gressively as glomerular function is reduced 
The practical significance of this fact is effectively 
illustrated m Figure 5, where the urea/muhn 
clearance ratio in the nephntic subjects examined 
here is plotted against the urea clearance ex- 
pressed as per cent of the normal value 

7 The tendency of the creatinine and urea clearances to 
converge in advanced nephritis is evident in the reports 
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The above facts are clearly contrary to the 
view that the elevation of the blood urea m glo- 
memlonephnhs is owing to increased reabsorp- 
bon of urea Our results indicate that this ele- 
vabon is owing to decreased filtrabon, with ac 
tually decreased reabsorpbon. In pnnaple, it 
appears that the blood urea, all other things bang 
equal, should vary inversely as the urea clearance , 
such an inverse relabonship is adequately demon- 
strated by the well known scatter diagrams re- 
labng the blood urea to the urea clearance which 
have been presented by MacKay and MacKay 
(18) and Van Slyke, McIntosh, Moller, Hannon 
and Johnston (35) 

Standard*' and '' inaxtinuin*' urea c^^?arol«:c^ 

inspeebon of Figures 1 and 2 shows that our 
data conform roughly to the standard and 
** maximum '* clearance concept of Moller, Mc- 
Intosh and VanSlyke (20) In the light of the 
further analysis submitted here, however, it is 
clear that the standard clearance is an approxi 
mabon, while the “ maximum ’* clearance neglects 
the effect of unne flow on the reabsorpbon of 
urea at inulin U/P rabos below 60 But since 
the effect of unne flow is slight when the latter 
IS 20 cc or above, it appears advisable m tlie 
interests of simplicity to adhere to the uncor- 
rected clearance m ubhzing the cxcrcbon of urea 
as an index of renal funebon It is not possible, 
from our present data, to comment on the ac- 
curacy of the use of “s/P* in the calculabon of the 
** standard clearance but it would seem advisable 
for physiological reasons to maintam the unne 
flow above IS cc wherever possible, since at 
flows below that level complicabng factors (de- 
hydrabon, lowered flltrabon rate, etc) may viti- 
ate any cmpincal mathemabcal correebon 

of leverat observen, and has been commented upon by 
Winkler and Parra (39) This conrergence is explicable 
m terms of decreased reabsorption of urea due to reduc 
taoo in the degree of concentration of the glomerular 
filtrate. There is no evidence that the permeabihty of 
the glomerular membrane* it reduced m nephritis m tuch 
a manner as to prevent the free filtration of inulm but 
not urea. The continued excretion of albuniin, the con 
vcrgencc of the creatinine and urea clearances, and the 
fact that the urea clearance never exceeds the mufin 
clearance may be advanced as arguments against thii 
supposition. 


SUMMARY 

The urea clearance has been examined m 10 
normal subjects and 22 subjects with glomerulone- 
phnbs, with speaal reference to the degree of 
concentrabon of the glomerular filtrate as indi- 
cated by the simultaneous inulm U/P ratio 
Urea is invariably reabsorbed to some extent 
from the glomerular filtrate, whether this is at 
the normal level or is reduced by disease This 
reabsorpbon is interpreted in terms of an hy- 
pothesis, based upon independent evidence, in 
which It IS posited that water reabsorption oc- 
curs m two stages, one m the proxunal tubule 
and one in the thin hmb and distsd tubule 
At any inulm U/P rabo (itf, d^ce of coti- 
centrabon of the glomerular filtrate) the rcab- 
sorpbon of urea proceeds in the nephnbe kidney 
essentially as it would in the normal kidney As 
the capaaty to reabsorb water is impaired by dis- 
ease, the fracbon of urea reabsorbed decreases, 
so that the urea clearance approaches the rate of 
glomerular filtrabon 

In none of tlie subjects examined was there 
evidence of increased back-diffusion of urea, tlie 
elcvabou of the blood urea in nephnbs bemg a 
result solely of the reciprocal relabonship between 
this term and the urea clearance, as expected m 
pnnaple, 
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Shock has been differentiated from hemor- 
rhage on the basis of hemoconcentration, nega- 
tive reaction to blood transfusions, and pathologi- 
cal clianges m the tissues (1) In hemorrhage 
dilution of the blood occurs wfafle concentration 
takes place m shock After simple loss of blood, 
prompt recovery follows transfusion, whereas m 
severe shock, the administration of blood is fre- 
quently unavailing It has been held that the 
tissues are anemic after hemorrhage while the 
pathological picture of shock is that of “ dilatation 
and engorgement of capillaries and vessels * (2) 
Blalock, however, m a convincmg senes of ex- 
periments (3), showed that the classical picture 
of shock with hemoconcentration, negative reac- 
tion to transfusion, and pathological changes m 
the tissues, could be produced by hemorrhage 
aIone« In his experiments on dogs under local 
anesthesia, the blood pressure was maintained at 
a low level for several hours by means of hemor- 
rhage At the end of this time, in spite of the 
fact that all the blood which had been removed 
was reinjected, the blood pressure continued to 
fall and the animal died The present expen- 
ments were performed to investigate further the 
mechanism through which shock was produced by 
hemorrhage. 

It IS recognized tliat vasoconstriction takes place 
after hemorrhage and this reaction has been de- 
scribed as protective (4) By means of con 
traction of the vessels m the presence of hemor 
rhage, the blood pressure is maintained at a level 
compatible with life After removal of tlie vaso 
constnetors by complete sympathectomy, cats 
under anesthesia are unable to tolerate as great 
a loss of blood as normal animals (5) In a 
former comraumcation (6), it was shoivn, on the 
other hand that intense and prolonged vasocon- 
striction caused a reduction in blood volume and 
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shock in the expenmental animal This apparent 
paradox was attributed to a reduction m the 
volume flow of blood to the penpheral tissues 
produced by constriction of the arterioles The 
hypothesis was advanced that vasoconstriction 
enabled the organism to adjust to the immediate 
cnsis If this reaction were so intense and pro- 
tracted, however, as to reduce the nutnent flow 
to the tissues, shock would be produced. 

The reaction of normal dogs to hemorrhage 
was, therefore, compared with that of completely 
sympathectomized dogs Particular attention was 
paid to the function of vasoconstriction m main 
taimng blood pressure, and at the same time in 
restricting the flow of blood to the peripheral tis- 
sues Arterial blood pressure was correlated witli 
the volume flow of blood through the paw 

Death or recovery of the dog was used as the 
ultimate entenon of shock. Concentration of 
the penpheral blood, alterations in the oxygen 
and carbon dioxide contents of the arterial and 
venous blood, and the reactions of the dogs to 
transfusions were noted At the end of the cx- 
penraents vanous tissues were examined histo- 
logically 

METHODS 

Doga v.'trc iis€d which weighed between U and 22 
kilograms. Under aseptic precautions cannulac were 
inserted into the carotid artery and the jugular vein or 
the femoral artery and vein, Pam was prevented by the 
use of no>ocam in the operative wounds The blood 
pressure was detennmed by means of a HGrtIc manom 
cter calibrated with a mercury manometer Blood was 
obtamed for analysis of the oxygen content and capacity 
and carbon dioxide content from the carotid artery and 
from the right heart The blood was taken under oil 
chilled, and analyzed at the conclusion of the expcrl 
ment The oxygen content and capaaty and the carbon 
dioxide content were detennmed by the method of Van 
Slyke and Neill (7) In certam of the experiments the 
plasma volume was detenmned by the method of Grcger 
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TABIE I 


Data compiled Jrom all the experiments on hemorrhage in the normal and sympalheclomized dogs 
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^ Tht nvengc blood pressure nnd blood flow, after hcmorrbnrc ^\as calculated \Mth a planunctcr 


sen (8) - Hemoglobin eslimalions \\crc made by the 
Sahli method on blood taken from the car The \olumc 
(low of blood (hrourh die hind paw was determined b> 
the plcUos^or rapine method previously described (9) 
TJjc temperature of the valcr bath m winch the paw 
was immersed was kept between 36*^ and 39® C 

The dogs were bled from the carotid or femoral ar- 
teries into a sterile container whicli coniamcd 2 5 per 
cent sodium citrate solution Tlic final dilution of ci- 
trate in blood was 0 25 per cent 

After control observations on blood pressure and blood 
flow were made, the dogs were bled at frcciucnt intervals 
until the bloo<I pressure and blood flow were reduced to 
low levels from which rapid recovery did not occur 
This period of hemorrhage is considered in Table I to 
he the time of initial tilccding It varied from 1 4 to 
3 6 hours in the normal dogs and 1 0 to 1 5 hours in 
the sympatlicctoinizcd dogs After this period of initial 
bleeding, the dogs were allowed to continue with a low 
blood pressure and diminished blood flow as long as 
possible If the blood pressure or blood flow started to 
rise, blood w'as again withdrawn When the blood 
pressure started to decline spontaneously or if the dog 
showed signs of loss of consciousness, small amounts of 
blood were reinjected 

2 The blue dye T-1824 was obtained through the kind- 
ness of Doctor Gregersen 


Blood, which Ind been removed under aseptic pre- 
cautions from donor dogs, w^ also injected in two of 
tlic experiments so that the total amount of blood which 
these animals received after hemorrhage wais larger th4an 
the amount which was removed during the experiment 
Complete s>anpaUicctom> wais performed by removal 
of the paravertebral s>mpalhctic ganglia m tlirce stages 
as described by Cannon (10) The s>anpathcctomi 2 ed 
dogs had fully recovered from the effects of the opera- 
tive procedures at the lime they were used m the ex- 
periments 

RESULTS 

In the normal dog, after the blood pressure 
and blood flow had been reduced for a period 
of hours by hemorrhage, shock was produced 
This condition was charactcnzcd by concentra- 
tion of the peripheral blood, negative reaction to 
blood IransfusioiL and failure to recover Figure 
1 illustrates this reaction In spite of the fact 
that the blood pressure at no time fell below 60 
mm Hg the blood flow wms reduced to a low 
level At the end of three and one-half hours, 
the blood pressure failed to rise and the blood flow 
started to fall spontaneously Blood was then 
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Fig 1 Effect of Hemomhagf» Followed by Transfusion on the Voluiie Flow of Blood through 
THE Hind Paw the Blood Pressure, and the Hemoglobin Content of the Venou^: Blood in a Normal 
Dog Doc 25 142 Kilograms. 


Blood prtjsurr 



Fig. 2 Effect of Hemobbhvge, Followed n \ Tr-vnsflsion on ^ olume Flow or Bloo: 

THROUGH THE HiND PaW THE BloOD PbESSUBE, \NT> THE HfMOCLODI CoNtE.NT OP THF VeNOI 

Blood in a S^mevtiiectouized Doc. Doc 418 14 0 Kilograms 



Fig 3 Histological Findings in the Li\tu (/J) and Duodenum ( C ) of One of the Normal Dogs 
Which Died in Shock in Contrast to thf Livfr (B) and Duodenum (D) of one of tiif Svmpathec- 
TOMiZED Dogs Which was Sacrificfd after Reco\^r\ 

slowly reinjected Over a period of six: hours, to bcIo7V 60 mm Hg and maintained at this level 
although 64 cc more blood were injected than had for six hours before the reinjection of blood, the 
been removed, the blood pressure and lilood flow blood flow was not reduced to as great an extent, 
failed to return to the original level At the con- and lecovery took place Instead of hemocon- 
clusion of the injection the dog died centration, dilution of the blood took place, even 

In the sympathectomized dog, as shown in though the blood pressure was at a lower level 
Figure 2, although the blood pressure was reduced than in the normal dog The prompt response 
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of blood pressure and blood flow to the reinjection 
of blood stands m contrast to the absence of re- 
sponse m the normal dog At the conclusion of 
the experiment, the sympathectcmized dog re- 
covered completely and ran back to its cage 
The results obtained in nme experiments on 
normal dogs and three experiments on sympa- 
thectomizcd dogs are summarized m Table I 
The amount of blood loss m proportion to the 


blood was minor but there were extensive patches 
of necrosis of the liver cells In the duodenum of 
the shocked dog (C) the superficial portion of the 
raucous membrane had disappeared Tins ob- 
servation accorded with the fact that dunng the 
periods of low blood pressure, the shocked dogs 
always had profuse bloody diarrhea m whicli 
sloughs of the mucous membrane could be made 
out The mucous membrane of the duodenum m 



Fic 4 Etfzct or Hemorjuiage, Followed by Transfusion on the Volume Flow or Blood through 
THE Hind Paw the Blood Peebsure, and the Hemoclosin Content op the Venous Blood in a Normal 
D oo Which Recovered, Doo 641, 116 Khocrams, 


body weight was greater in the normal dogs (5 4 
per cent) than m the s 3 mripathcctomized dogs (3 6 
per cent) The tune necessary to reduce the 
blood pressure to a low level in the normal dogs 
(2 1 hours) was also greater than that required 
m the sympathectomized dogs (1,2 hours) 

In Figure 3 are shown the contrasting histo- 
logical pictures of one of the normal dogs which 
died in shock and one of the sympathectomized 
dogs which was sacrificed after recovery The 
Incr of the dog which died in shock (A) sho^\ed 
tremendous engorgement with blood and some 
evidence of degeneration of the liver cells In 
the sympathectomized dog (B) engorgement wuth 


the sympathectomized dog (D) was preserved 
intact although there was tremendous engorge- 
ment of blood in the vessels 
In two of the normal dogs, recovery took place, 
even though the blood pressure had been reduced 
to a low level for six hours The amount of 
hemorrhage uhs equivalent to that in the dogs 
which went into shock. Figure 4 illustrates the 
reaction in one of the dogs It can be seen tliat 
the blood flow through the paw was not reduced 
to as great an extent as in the shocked dogs Al- 
though concentration of the blood took place at 
one time in the expenment considerable dilution 
occurred bter 
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Fig 6 Effect of REDuaNC Blood Pressure b\ Means of Hemorrhage on 
Volume Flow of Blood through the Hind Paw of a Normal Dog 


The influence of the vasomotor system on the 
relationship between blood pressure and blood 
flow IS illustrated m Figures 5 and 6 In the 
sympathectomized dog, the flow varied directly 
with the pressure In the normal dog with intact 
vasomotor system wide variations m flow were en- 
countered as the blood pressure was being reduced 
by hemorrhage After the blood pressure 


dropped below 70 mm Hg, the volume flow of 
blood remained constantly at a low level Al- 
though the flow m the sympathectomized dog ^vas 
considerably reduced, it was still above that of 
the normal dog at this level of blood pressure 
Analyses were made of the 0 X 3 ^gen content and 
capacity and carbon dioxide content on the ar- 
terial and venous blood m one normal and one 
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TABLE II 

Analyses oj Hood gases before and after hemorrhage \n the 
normal dog tn contrast to the sympalhectomtted 
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13 9 
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14 5 

15 1 

15,3 

46 

239 

14 

Sympathec 
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Before 

hemorrhage 

1 

16 0 

45 3 

17 6 

i 

11 0 1 

49.3 


After ' 
hemorrhage 

14 5 

31 8 

IS 2 1 

4.5 

41 1 


sympathcctomized dog at the beginning of the 
experiment and again at the end of five hours 
of low blood pressure The results are given m 
Table II After five hours of low blood pressure 
and diminished blood flow, the normal dog was m 
shock. The elevated oxygen capacity of the ar 
tcnal blood indicated the extent of hemoconcen 
tration In companson the oxygen capaaty of 
the sympathcctomized dog was lower than at the 
start of the expenment The venous oxygen 
content m both dogs was reduced to the same ex- 
tent, 4 5 volumes per cent, as a result of the di- 
mimshed blood flow Aadosis however, was 
present m the dog in shock The arterial carbon 
dioxide was reduced from 45.2 to 15 1 volumes 
per cent In the sympathectomizcd dog, on the 
other hand, a comparable degree of aadosis was 
not present The carbon dioxide was reduced 
only from 45 3 to 31 8 per cent 

DISCUSSION 

The importance of an adequate supply of blood 
to the tissues of the bod> has been emphasized 
by many investigators in their studies on the 
mechanism of shock Erlanger Gcscll, Gasser 
and Elliott (11) concluded that the causative 
factor of shock was ‘ reduced arculation brought 
about possibly througli the action of pam stimuli, 
and of a certain amount of hemorrhage, on the 
vasoconstnetor mechanism*’ GescU (12), after 


his studies on the relationship of hemorrhage and 
‘’tissue abuse” to the blood flow through the 
salivary gland stated that the “volume flow of 
blood appeared to be the more fundamental prob 
lem ” Dunng the World War, Bayliss (13) 
wrote “ At the nsk of tiresome iteration, I would 
again emphasize the importance of adequate oxy- 
gen supply to the tissues ” Johnson and Blalock 
(14) stressed the importance of a reduction in 
the output of the heart from a diminished blood 
volume as the centrally important feature in the 
development of shock Since low blood pressure 
characterizes shock it was natural that attention 
should have been focused upon this aspect of the 
problem Cannon (15) m hrs monograph on 
shock stated, "One of the central problems If 
not the most important central problem, of shock 
IS that of discovenng the reason for the lowered 
arterial pressure,” Porter (16) was the first to 
call attention to the “ critical level ” of blood 
pressure and Cannon (15), m his experiments 
with cardiac tamponade m cats, found that if the 
blood pressure were reduced for a period of time 
below the critical level, TO mm Hg, a condition 
of shock ensued 

Vasoconstriction, since it diminishes the ca- 
paaty of the vascular bed and thus helps to main- 
tain the blood pressure, has generally been re- 
garded as a benefiaal reaction Through vaso- 
constriction however, at the same time that the 
pressure is maintained in the larger arteries, the 
“ nutnent flow ” through the smaller vessels is 
reduced 

The data in the present expenments indeed 
show that vasoconstriction initially performs a 
benefiaal function The normal dogs were able 
to tolerate a greater loss of blood than were the 
sympathectomizcd dogs (Table I) The blood 
pressure was not reduced to as great an extent 
even though more blood was lost The ^olumc 
flow of blood in the penphery, on the other hand 
was reduced to a greater extent Assoaated with 
this reduction in nutnent flow, hcmoconccntration 
took place and the process of shock was initiated 

From analysis of the relationship of blood pres- 
sure to blood flow m the absence of vasomotor 
impulses (Figure 5), it is clear that the head of 
pressure \Nas of preeminent importance in regu 
lating the volume flow Supenmposed upon 
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control was that exercised by the vasomotor sys- 
tem (Figure 6) In the normal dog, wide varia- 
tions in flow were encountered during the period 
of initial bleeding over the higher ranges of blood 
pressure Then, below 70 mm Hg, the flow was 
drastically and consistently reduced We feel it 
to be of significance that the marked reduction 
m flow should occur at approximately 70 mm Hg, 
the so-called “critical leveH^ (16) At blood 
pressures below 70 mm Hg, although the blood 
flow through the paw of the sympathectomizcd 
dog was reduced, the tissues were probably still 
able to obtain sufficient blood for their needs 
Vasoconstnebon in tlic normal dog, at these pres- 
sures, still further reduced the blood supply and 
shock was produced. 

Vasoconstriction after hemorrhage serves to 
protect the vital centers against the harmful ef- 
^fects of a dangerously low blood pressure The 
effects of a period of prolonged low pressure on 
the heart were frequently obscr\cd If blood 
were too rapidly reinjected after a period of low 
blood pressure, evidence of acute cardiac failure 
would supervene The blood pressure would fall 
Recovery could then be effected by witlidrawing 
some of the blood and reinjecting it more slowly 
In three of the experiments (Numbers 751, 767, 
and 2, Table I), the dogs were killed by too rapid 
reinjection of blood Postmortem examination 
revealed a dilated right heart The necrosis of 
the liver cells observed in the sympathectomizcd 
dog which was sacrificed (Figure 3, C) may have 
resulted from the prolonged low blood pressure, 
but our data are insufficient to warrant drawing 
conclusions 

The brain is another vital center which is sus- 
ceptible to injury from low blood pressure In 
one of the s 3 rmpathectomized dogs (385) and m 
one of the normal dogs which recovered (641), 
although the blood flow and blood pressure re- 
turned to normal after the reinjection of blood, 
the dogs showed definite signs of cerebral dam- 
age, manifested by stupor and extensor rigidity 
This observation serves again to stress the use- 
ful function of the sympathetic nervous system 
By means of vasoconstnebon, preferential treat- 
ment of blood supply is given to the brain, since 
the cerebral vessels do not respond as vigorously 
to vasoconstrictor impulses as do the penpheral 


vessels (17) The general bssues of the body 
are deprived of blood in order that the brain may 
live After sympathectomy, this preference is 
lost All the bssues of the body are accorded 
the same treatment If the brain is receiving 
sufficient blood for its needs, all the tissues of 
the body are probably adequately supplied As 
long as tlie brain is kept alive in the sympathec- 
tomized animal, the tissues will be kept alive also 

Anotlier observation which is in accord with 
the concept of an inadequate circulabon as the 
fundamental cause of shock is offered by the de- 
terminations of the oxygen and carbon dioxide 
contents of the arterial and venous bloods In 
the shocked dog (Table II), there was not only 
a severe reduction m the oxygen content of the 
venous blood as a result of the sluggish flow, but 
the carbon dioxide content was also reduced 
This reduction m the carbon dioxide content, 
formerly believed to be of significance in the 
etiology of shock (Acapnea theory of Henderson 
(18)), IS considered at the present time by most 
investigators to be of importance only in illus- 
trabng the aadosis from the accumulation of 
“ fixed acids which results from an inadequate 
circulabon In the sympathectomized dog, al- 
though the venous ox}'gen ^vas reduced just as 
much as m the normal dog in shock, the “ acido- 
sis ” was not as severe Although the bssues of 
the dog which recovered were not receiving as 
abundant a supply of blood as normally, there 
was still sufficient ox}^gen to prevent as great an 
accumulation of fixed aads as m the dog which 
died 

The volume flow of blood through the hind 
paw of the dog is not an exact index of tlie ar- 
culation through other porbons of the body Bla- 
lock and Le\y (19) have recently presented evi- 
dence to show that in shock, the blood flow 
through the hind quarters of the dog is reduced 
to a greater extent than that through other re- 
gions In our experiments it has served pri- 
marily to illustrate the reduebon in arcuJation 
brought about by vasoconstriction in comparison 
to the diminution which resulted from the fall 
m blood pressure, since the flow through the nor- 
mal paw was lower than the flow through the 
sympathectomized paw at comparable low levels^ 
of blood pressure The values obtained for the 
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volume flow of blood through the paw in the 
shocked dogs are m general agreement vnth pre- 
vious data obtauied on the blood flow through the 
hand in dmical cases of surgical shock (20) In 
the present expenments upon normal dogs, when 
the blood flow wtis reduced to below 2 cc per 
minute, shock was produced In tw o normal dogs 
which recovered, the blood flow was 2 1 and 2J9 
cc per mmute. In two of the s}Tnpathectomized 
dogs, however, the blood flow through the paw 
was reduced to 1 0 cc per minute and yet recovery 
took place It seems likely that a minimum blood 
flow reqmreraent exists, and if the nutritive flow 
is reduced below this level patliological changes 
ensue. Our data are insuffiaent to state precisely 
at what flow sudi changes occur 
Recovery took place in two of the normal dogs 
In one of these dogs the blood pressure was kept 
behveen 50 and 80 mm Hg for two hours and 
m the other for six hours In both dogs, the flow 
was rarely reduced below 2 cc per minute. Both 
dogs showed dilution of the blood The dogs 
were calm and phlegmatic, and it Yvas our im- 
pression tliat their lack of fear, m comparison 
wth other normal dogs, prevented them from 
going mto shock, even tliough the amount of 
blood lost Yvas approximately the same. 

One dog (Figure 4) Number 641, had been 
about the laboratory for several weeks and was 
well adjusted to expenmcntal procedures This 
dc^’s blood pressure dropped abruptly to 80 after 
the first two hemorrhages and yet the blood flow 
Y'aned between 12 and 19 cc per minute for an 
hour though tlie blood pressure ranged from 64 
to 82 mm Hg In companson, Dog 25 (Figure 
1) was very lugh strung After the first two 
hemorrhages, the blood pressure rapidly built back 
to 100 mm Hg but the blood flow was reduced 
below 2 cc, per minute Over the next three 
hours although the blood pressure ranged be 
tween 76 and 96 mm Hg the blood flow stayed 
below 2 cc per mmute In the * well adjusted ** 
dog rapid dilution of the blood took place since 
the hemoglobin fell from 103 to 75 per cent (16 5 
to 11 4 grams per 100 cc,) m the course of t\so 
hours In the app^ehensl^e dog, the hemoglobin 
dunng a two hour penod fell only from 106 to 98 
per cent (166 to 15,3 grams per 100 cc ) It is 
well recognized that fear produces vasoconstne- 
tion and a reduction m penphcral blood flow (20) 


It IS probable that the reduction in blood flow, 
observed in Dog 25 even before the hemorrhage, 
was the result of emotional stimulation After 
hemorrhage although the arterial blood pressure 
Yvas maintained at a higher level as a consequence 
of the activity of the s)mipathcbc nervous sys 
tern, the blood flow was so far reduced tliat it 
faalitated tlie process of shock. In Dog 641, the 
high preliminary level of blood flow before the 
hemorrhage indicated that the sympatliebc nerv- 
ous system was not being called into activity 
Even after hemorrhage, vasoconstnction w-as 
minimal The blood flow contmued at a high 
level, dilution of tlie blood took place, and the 
dog recovered 

Similarly, Dog 546 (Table I) recovered al- 
though the blood pressure was reduced to 66 for 
two and one-half hours At the second experi- 
ment on this same dog it Yvas necessary to reduce 
the blood pressure to an average of 38 for almost 
four hours before shock was produced Even 
so the volume flow of blood tlirough the paw W'as 
definitely higher (1 6 cc, per minute) than in the 
other dogs which went into shock 

In a previous commumcation, the hypothesis 
was advanced that the process of shock has its 
origin m the physiological reactions of the body 
to traumatic sbmuh By means of activity of 
tlie sympathetic nervous system, the body is able 
to adjust itself to the emergency If the cnsis 
13 too protracted, however, then vasoconstnction, 
the very mechanism by which the organism stnvcs 
to sur\nvc, bnngs about its ultimate dissolution 
The present expenments on tlie effects of hemor- 
rhage offer further support to tins hypothesis 

SUMMARY 

A condition of shock was produced m normal 
dogs by means of hemorrhage (Figure 1) This 
condition was diaractcnzcd by hemoconccntration, 
failure to respond to blood transfusion, and 
charactenstic patliological changes m the tissues 
(Figure 3) 

After total sjTnpathcctomy, even though tlic 
blood pressure was reduced to a lower lc\cl, for 
a longer penod of time, shock was not produced 
(Figure 2) Dilution of the blood took place 
there was prompt and bencfidol reaction to blood 
transfusion and similar pathological changes in 
the tissues did not occur (Figure 3) 
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The sympatliectomized dogs, however, were un- 
able to tolerate as large hemorrhages as the nor- 
mal dogs The blood pressure also fell to a 
lower level at an earlier period than in the normal 
dogs (Table I) 

The difference in reaction of normal and sym- 
pathectomized dogs to hcmorrliage was correlated 
with the penpheral blood flow In the normal 
dog, as the blood pressure was reduced by hemor- 
rhage to 70 mm Hg, the blood flow was reduced 
below 2 cc per minute (Figure 6) In the sym- 
pathectomized dog, at the same level of blood 
pressure, the blood flow was above 2 cc per 
minute (Figure 5) 

In two normal dogs which recovered, although 
the blood pressure was reduced to between 60 and 
80 mm Hg, the blood flow continued above 2 cc 
It was our impression that the absence of fear 
m these dogs predisposed them to recovery 

Vasoconstriction m the presence of hemorrhage 
gives preferential treatment of blood supply to 
the vital centers, the heart and the brain In the 
sympathectomizcd dog, such preference is lost 
All the tissues of the body arc accorded the same 
treatment As long as the vital centers receive 
sufficient blood supply, all the tissues of the body 
probably receive an adequate amount of circula- 
tion, and the condition of shock is prevented 
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In 1926, Barbour and Hamilton described a 
falling drop method for determimng speafic 
gravity (1) They used a mixture of xylene and 
bromobenzene in a tube 30 cm m length With 
the use of standard solubons and nomograms, 
they obtained an accuracy withm 1 X 10^ In 
specific gravity Guthne and Kruse m their un- 
published work, found that a mucture of methyl 
salicylate and mineral oil permitted the use of a 
shorter tube (2) The present method is an 
extension of their work 

A mixture of methyl sahcylate and mineral oil 
was chosen Tiecause such a mixture has a higher 
viscosity so the tube length can be shortened and 
a more umform temperature obtained through- 
out the oil In addibon, it is less volable than the 
xylene-bromobeniene mixture (Methyl sahcy- 
late B P 222 2° C , nuneral oil 190 6° C , 
m xylene 1388® C, bromobenzene 156^® C ) 

The ulbmate aim was to obtain the speafic 
gravity of blood serum at 25 0® C referred to 
water at 25 0® C, te , 25®/25® This tempera- 
ture was chosen because it was most convement 
when the determmabons were done at room tem- 
perature 

THEORY 

Stokes' law indicates that the rate of fall of a 
small sohd sphere in a viscous fluid is a funebon 
of the radius and speafic gravity of the sphere, 
the speafic gravity and viscosity of the fluid, and 
the accelerabon due to gravity This method pro 
vides that a drop of fluid may be timed as it falls 
through an oil with which it is not misable The 
radius of the drops is kept constant by the use of 
a calibrated pipette to deliver a definite volume. 
The speafic gravity and viscosity of the oil being 


kept constant, the specific gravity of the drop may 
be determmed from its rate of fall in the oik 

MATERIALS 

A mixture of synthebc methyl salicylate and 
heavy Califorma mineral oil is used The pro 
porbons vary accordmg to the range which is de- 
sired For serum and plasma, we have found a 
mixture of specific gravity 1 0130, 25®/25® C 
most useful 

This mixture is placed m a glass tube IS to 16 
cm long, havmg a umform inside diameter of 
14 mm This tube is etched with two rings which 
arc exactly 10 cm apart, the lower one bang 15 
mm above the bottom of the tube. The tube is 
held upnght m a glass ^vate^ jacket which is 
equipped with a sbmng rod and a thermometer to 
read 0 1° C bchveen 20° and 30° C This tube 
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IS filled to 15 mm from the top with the oil and 
provided with a one-holed disc to center the pi- 
pette when the drop is released Within the wa- 
ter jacket, there is a small test tube in which the 
serum may obtain the same temperature as the oil 
(Figure 1) 

The pipette is made from unconstncted capil- 
lary tubing cahbrated to deliver 0015 cc (15 
c mm ) between two marks A wooden block is 
provided whicli contains a rubber bulb and a metal 
screw The pipette fits into the bulb Wlien the 
screw IS turned, it presses upon or releases the 
bulb and this permits fluid to be drawn into or 
discharged accurately from the pipette 

A stop watch which reads m tenths of a second 
IS used 

METHOD 

The fluid to be tested is placed in the small test 
tube until it comes to the temperature of the water 
bath It IS then drawn into the pipette to the level 
of the first nng, and the tip of the pipette is 
placed under the surface of the oil m the tube 
A drop of 15 c mm is delivered beneath the sur- 
face of the oil, and as the pipette is withdrawn, 
the drop remains in the oil and falls The time 


required by the drop to pass between the two 
nngs on the tube (10 cm ) is determined with 
the stop ■watch 

Calibration Standard solutions of sodium 
chlonde are made so that they cover the range 
1 0140 to 1 0370, 25°/25° as determined by pyk- 
nometry (4) A large pyknometer (about 65 
cc ) enables one more easily to obtain accuracy of 
tlie order of 10"® Ten determinations of the fall- 
ing time are then done on each solution and the 
average falling time plotted against the speafic 
gra'vity of tlie standard as in Figure 2 The tem- 
perature must be kept at 25 0° C during the 
standardization Owing to difference in wscosity, 
particularly m vanous samples of mineral oil, 
slight differences in results are obtained unless 
each new preparation is standardized in this man- 
ner 

Temperature correction factor As the tem- 
perature nses, the viscosify and speafic grawty of 
the oil decrease The specific granty of tlie fluid 
to be tested also decreases as the temperature 
nses If tlie temperature of the fluid to be tested 
is kept at the same temperature as the oil, all the 
•vanables can be accounted for at one time. In 
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Fig 2. Relation or Falung Time to SrEanc Gravitv 
Graph paper must be used which will permit the reading of tenths of a second and specific gravity to 1 X 10^ 
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Fig 3 SPEcmc Gravity ConEcnoN 
Th« ordinate gives the vaJac which must be added (+) 
or subtracted ( — ) from the specific gravity read from 
Figure 2 for the fallmg time determined at any tempera- 
ture represented m the absdsnu 

Figure 3 is given the correction which must be 
~ blade on the speafic gravity bs read from Figure 
4/2 for the falling tune at any temperature between 
* 20° and 30° C It is not necessary to reconstruct 
this chart for each new preparation of oil 


i jure 4 illustrates the effect of temperature on 
the speafic gravity of scrum alone. The weight 
of pooled serum which filled a large pyknonieter 
at vanous temperatures (X° C ) was determined 
and referred to the waght of the same volume of 
^vatcr at 25 0° C The resultant speafic gravity 
X°/25° was plotted against the temperature at 
which the serum was weighed Thus, it may be 
seen that the temperature of the serum need be 
only within 0^° C of that of the oil in order to 
obtam accuracy within 1 X 10^ m speafic grav- 
ity 

-Error of the single drop tlic applicataon of 
this method, we have used an average of 3 deter- 
minations The accuracy is, however, not appre- 
aably affected if only one determination is done 
with care. Thus the timing of drops in the range 
of 13 to 30 seconds checks within 0.2 second 
When drops take longer than 30 seconds to fall 
the vanations m time of fall of individual drops 
13 greater At this pomt, however, the curve be- 
comes more flattened In tlus range, the differ- 
ence in timing of separate drops does not mean as 
much in speafic gravity so that the accuracy over 
the entire range of specific gravity remains about 
the same 

Application of the method to human serum and 
plasma. The speafic gravity of 28 speamens of 
human serum and oxalated and hepanmzed 
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TABLE I 


A comparison between the specific gravity of scrum and 
plasma as obtained by use of a Z cc pyknometer 
and the drop method 


Material 

Specific gravity 

DlfTcrcncc 

Drop 

method 

2 cc 

pyknometer 

Serum 

1 0285 

1 0288 

-0 0003 


1 0256 

1 0254 

+0 0002 


10222 

1 0222 

0 0000 


1 0281 

10283 

-0 0002 


1 0283 

10283 

0 0000 


10306 

10304 

+0 0002 


10280 

10280 

00000 


10286 

1 0290 ! 

-0 0004 


1 0280 

1 0283 j 

-0 0003 


1 0289 

1 0292 ! 

-0 0003 


1 0303 

1 0302 

+0 0001 


10283 

10279 

+0 0004 


10209 

10210 

-0 0001 


1 0277 

1 0279 

-0 0002 


1 0285 

1 0286 

-0 0001 


1 0278 

1 0274 

+0 0004 


10297 

1 0295 

+0 0002 


1 0220 

1 0220 

0 0000 


1 0287 

1 0284 

+0 0003 


10261 

10262 

-0 0001 

Oxalated plasma 




10234 

1 0233 

+0 0001 


10310 

1 0312 

-0 0002 


10268 

1 0268 

00000 


1 0330 

1 0328 

+0 0002 


1 0234 

1 0232 

+0 0002 

Heparinized plasma 


1 0274 

-0 0002 

1 0272 


1 0297 

10298 

-0 0001 

1 

1 0221 

1 0223 

-0 0002 


plasma was determined by the use of a 2 cc pyk- 
nometer according to the method described by 
Moore and Van Slyke (3) A comparison of the 
results obtained by the two methods is shown in 


Table I The greatest difference was 4 X 10^ 
The falling time was taken at vanous tempera- 
tures and the correction factor used as indicated 
above 

SUMMARY 

A simple, rapid, and easy method for the deter- 
mination of spcalic gravity is presented which is 
based upon Stokes’ law for the veloaty of falli^t, 
bodies The matcnals and methods are described 
m detail In ordinary usage, the method will 
yield the speafic gravity of serum or plasma wth 
a maximum difference from that determined by 
a 2 cc pyknometer of 4 X and has a range of 
1 0150 to 1 0370 

This work was begun as a result of the author’s asso- 
aation with Dr Roj R, Snowden m his laboratory m 
Pittsburgh Particular indebtedness is due Professor 
\Vm Mansfield Qark for his invaluable advice. The 
author is also grateful to Dr T K, Kruse of Pittsburgh 
Medical School for his cooperation 
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A SIMPLE METHOD FOR THE ESTIMATION OF TOTAL PROTEIN 
CONTENT OF PLASMA AND SERUM II THE ESTIMATION 
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An instrument for the accurate estimation of 
scrum protein which has the simphaty of a hemo 
globinometer has an obvious place in medicine 
Peters and Van Slyke (1) have reviewed the 
many physical methods which have been tried and 
conclude that the specific gravity is the most accu- 
rate, They find the colonmetnc method liable to 
errors up to 10 per cent Moore and Van Slyke 
(2) found the relationship between the specific 
gravity and protein content of human hepanmred 
plasma could be expressed by tlie equation of a 
straight hne 

P = 343(C— 10070) 

m which P represents grams of protein per 100 cc. 
and G the speafic gravity They found the maxi- 
mum deviation from the value of total protein 
estimated by the gasometnc method to be 06 
gram per cent Zozaya (3) found that the above 
formula did not give good results with human 
serum Weech et at (4) used dog’s blood and 
demonstrated a hnear relationship for serum and 
for hepanmied plasma. They used the micro- 
Kjeldahl as standard and claimed an even better 
correlation than Moore and Van Slyke, In all of 
these investigations, the specific gravity was de- 
termined by the use of pyknoraeters and dehcate 
balances Moore and Van Slyke found the fall 
mg drop method of Barbour and Hamilton (5) 
for specific gravity to give as good results as 
pyknometry, but because the method required the 
constant use of standards and nomograms, they 
gave it up An analysis of the falling drop 
method wbeh is used in this investigation and a 
companson with that of Barbour and Hamilton is 
given in the first section of this paper (12) 

METHODS 

The spedmens of blood ^^c^c obtained bj vene- 
puncture from patients m the hospital and out- 


pabent departments Most of the patients were 
selected because they wei^ known to have ab- 
normahties m their blood proteins or m other 
blood constatuents Total serum protein W'as de- 
termined by the macro Kjeldahl method using the 
methyl red methylene blue mdicator as desenbed 
by Johnson and Green (6) Refractometnc read- 
ings were done routinely The results obtained 
by the latter method are better than those gen- 
erally reported because an as yet unpubhshed cor- 
rection factor IS used which is based upon thou- 
sands of macro Kjeldahl determinations The 
speafic gravity was determined by the falhng 
drop method and represents the weight of scrum 
at 25 0** C referred to the weight of the same 
volume of water at the same temperature The 
correlation between total protein and speafic 
gravity determmed by the method of least 
squares (7) 

Tlie chlonde content was determined by the 
method of Van Slyke (1) and the cholesterol con- 
tent by the method of Sackett (8) ^ 

RESULTS 

5'rmiu The results on 107 speamens of sera 
arc plotted in Figure 1 The hnear relationship 
may be expressed by the equation 

345 ((7—10076), 

where P is the total grams of protein per 100 cc- 
of scrum and G the speafic gravity 25°/25® C 
The mean deviation of total protein as estimated 
from this formula and that determined macro- 
Kjeldahl was d: 0 16 gram per cent The great- 
est deviation w'as 0 48 In the same sera, the 
mean deviation of the total protan value dctcr- 


1 The chemical detenrorulions and rcfractometry wxre 
done under the direction of Dr Mary V, Buell, t'ldtb the 
technical assurtance of iftis Betty Shirk* 
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Fig 1 Relation of Sfecific Giia\tty to Total Protein Content of Plasma and Serum. 


mined by refractive index and that by Kjeldahl 
was ± 0 37 and the greatest deviation — 1 04 
gram In over 25 per cent of the speamens, the 
deviation of the estimation of refractive index 
from the Kjeldahl was more than 045 gram per 
cent 

Plasma The plasma was prepared by drying 
5 drops of 10 per cent potassium oxalate in bottles 
to which 10 cc of blood was added Sueh an 
amount of oxalate added to distilled ivater raises 
its speafic gravity 0 0023, 25°/25° C The re- 
sults on 122 specimens of plasma are also plotted 
in Figure 1 The relationship may be expressed 
by the equation 

P = 340(G — 10099) 

The mean deviation of total protein as calcu- 
lated from this formula and that determined by 
macro-Kjeldahl was ± 0 23 The greatest devia- 


tion was -(- 0 59 In the same plasma, the mean 
deviation of total protein estimated by refrac- 
tometry and that by Kjeldahl was 0 36 The 
greatest deviation was -1- 1 50 grams per cent 
In 10 specimens, the difference ^vas greater than 
0 6 gram, and m 3 greater than 1 00 gram 

The estimation of total protein in plasma is not 
as aecurate as in serum, but 10 cc of blood were 
not ahvays added to the same amount of oxalate 
and this probably accounts m large part for the 
difference In addition, oxalate is known to with- 
draw a vanable amount of water from the cells 
and so dilute the plasma 

The effect of variations in the AjG ratio 

On 79 of the total 229 speamens, the A/G ratio 
was also determined They varied from 34/66 to 
76/24, but It \vas not possible to find any correla- 
tion between the ratio and the deviations of the 
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total protein as estimated by Kjeldahl nitrogen 
determinations and specific gravity This might 
have been expected, since Nugent and Towle (9) 
separated albumin from globulin and found their 
effect on specific gravity to be the same 

The effect of vartaitons tn the nonprotetn solids 

Since the protein content of serum is between 
75 and 80 per cent of the dry weight, a close cor- 
relation with specific g^vity is to be expected 
The remamder of the total solid content is com- 
posed of a number of constituents each of which 
13 measured in milbgrams per 100 cc The most 
important of these with regard to speafic gravity 
and protein correlation appear to be fat and chol 
esterol We have had 10 specimens m which the 
cholesterol values were known to be over 200 
mgm per cent The results are shown m Table I 


TABLE I 

Effect of vanaitons \n cholesterol content 


Sptdmen 

A. 

Total protein 

Dfrt* 

Cbolcftenil 

KJeldaU 

method 

FatLlu drop 
metnod 

tlon 



trams 

trams 

trams 


ftr uni 

ptr uni 

fir uni 

ptr unt 

Scrum 

289 

4 19 

4 20 

-t-o 01 


315 

6 98 

7 18 

+0 20 


358 1 

6^2 

6J)S 

+0 13 


664 

4 82 

5 01 

+0 19 

Plasma 

812 1 

4 76 

5 17 

+0 41 


266 1 

6J7 

6 87 

+0^ 


289 1 

4 19 

4 05 

-0 14 


315 

6 77 

6 85 

+0 08 


333 

6 77 

7 15 1 

+0^8 


789 1 

4 85 

5 36 

+0«5I 


It does not appear that moderate elevations m 
cholesterol content affect the usefulness of the 
method Most specimens with high cholesterol 
also have high fat content and this probably coun 
terbalanccs the effect of cholesterol on speafic 
gravity 

On 29 speamens, the clilonde content ranged 
from 84 4 to 108 6 m eq , but no correlation with 
the deviation behveen the speafic gravity and 
Kjeldahl estimates of protan was apparent 

A comparison of scrum with oxalated plasma and 
hepannused plasma 

Blood drawn from 3 patients w'as used m this 
experiment From blood which was taken at one 


TABLE n 

A comparuen of ttrttm wtth hepanmted and oxalated plasma 





Spe. 

cTSc 

tnv 

Ity 

Total protein 



Form alar 
Total 
protein- 




Eoh- 

Ject 

Specimen 

gray 

ItT 

KJel 

datil 

frac- 

Uye 

Index 

MT 

Serum 

Oxalated plaima 
Heparlnlied 

1 plonna 

usto-ixmei 

1^220 

LOLM 

trams 

ptr 

uni 

4 07 
4J0 

grams 

Ptr 

ttni 

4jS6 

4A3 

grams 

p*r 

unt 

4B0 

4JX) 



1^21 

5 18 


4XM 

HH 

' Serum 

1 Oxalated planrtm 
Heparinlxcd 

ptaTTn 

1 

i 

1^<SI 

1^268 

1J0172 

<U8 

5 75 

6 93 

6 11 

1 CX>6 

6,71 

6JO 

iSO 

CM 

GJ 

, Serum 

Oxalated pUtau 
Heparinixed 

1 

1 1J0287 
1^10 

i 708 

1 7 17 

7Jl 

7 12 

690 

690 



1 ixnpi 

7 79 

7,56 

7XKJ 


venepuncture into a single syringe, serum, hepan- 
nized plasma, and oxalated plasma were prepared 
The total protan was estimated by Kjeldahl, spe- 
afic gravity, and refractometry The specific 
gravity was determined m all cases by the fallmg 
drop method The total protan of hepanmzcd 
plasma was estimated from the specific gravity by 
the formula of Moore and Van Slyke (2) In all 
three cases, the oxalated speamens contained the 
lowest pro tan content and the hcpanmzed plasma 
the highest In one instance, the total protan 
content of the oxalated speamcn differed from 
the hepanmzcd speamen by 065 gram per cent 
according to the macro-Kjeldahl method Hepa- 
nmzed plasma contained an average of 0 4 gram 
per cent more protan than scrum because it con- 
tains fibrinogen The low values wth oxalate are 
probably due to the ^vlthd^a^val of ^vate^ from the 
cells 

DISCUSSION 

Rowe (10) and others have found that stasis 
dunng the wlthdra^val of blood from the patient, 
wth pressure intermediate bet^veen venous and 
artenal, causes in one minute an increase of 0 17 
gram per 100 cc. in the protem content of plasma 
due to loss of water from the blood \cssels In 
ordinary clinical routine, no distinction is made 
between values obtained from plasma or scrum 
yet it has been shown that oxalated plasma may 
contain 0 3 to 0 4 gram per cent less protein than 
serum (11) and hepannlzed plasma may contain 
as much as 0 65 gram per cent more protan than 
oxalated plasma No matter what method is used 
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to estimate the protein content of a speamen, its 
accuracy with regard to clinical application will 
depend for tlie greater part on tlic manner m 
which it IS collected and on the \vay it is pre- 
pared 

SUMMARY 

A new metliod for the estimation of total serum 
or plasma protein is presented It is based upon 
the linear relationship which exists between the 
speafic gravity and the protein content The spe- 
cific gravity is determined by a new falling drop 
method which is easy, time saving, and can be 
done with extremely small quantities of blood 
It prowdes a measure of the protein content with 
an accuracy which exceeds clinical requirements, 
and IS about twice as accurate as the refracto- 
metne method 
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GLYCINE^ AND CREATINE THERAPY* 
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Current interest in disease of the muscles has 
emphasized the need for mformation concerning 
chemical changes within affected muscle. For 
this reason we have analyzed dunng the past four 
years specimens of muscles of patients suffenng 
from primary progressive muscular dystrophy 
and other diseases involvmg the musculature- 
Aside from the desirabihty of secunng data for 
theoretical purposes, it was our object also to 
leam whether changes occurring in these diseases 
were suffiaently characteristic to be appbed for 
differential diagnostic or therapeutic purposes 
Our studies were planned m conjunction with 
therapeubc tnals of glyane and other agents in 
muscular dystrophy When possible, specimens 
were secured before, dunng, and after treatment 
for the purpose of ascertaimng effects upon the 
composition of muscle Our observations have 
been discussed, m part, in an earlier report (17) 
deahng wth treatment of progressive muscular 
djstrophy, although pubhcation of chemical data 
was deferred pending investigation of additional 
patients The present paper describes the results 
of chemical examinations made upon pabents 
whose histones were included m the report men- 
boned as well as others studied subsequently 

experimental 

Tins report includes results of examinabon of 
muscle removed at biopsy from 12 pabents suf- 
fenng from progressive muscular dystrophy and 
from 16 pabents \^^th other diseases mvolving 

^ The name Ammoacetic Acid ” has been adopted by 
the Council on Pharmacy and Chemistry of the Atnen 
can Medical Association m preference to glycine (18) 

•This mvestigalion has been made with the assistance 
of a grant from the Committee on Therapeutic Research, 
Council on Pharmacy and Chembtry, American hfedkal 
Assodalion- 


muscles pnmanly or secondanly Eight of the 
pabents treated for progressive muscular djstro- 
phy by admimstrabon of glycme or creabne sub- 
mitted to addibonal biopsies after receiving these 
substances for varymg penods Except where 
other muscles are menboned, specimens were re- 
moved from the medial porbon of the vastus 
extemus 

Specimens were exased rapidly and prepared 
for analysis as described previously (17) The 
tnchloroacehc aad extract of muscle, prepared 
at 0° C, was analysed according to the procedure 
of Eggleton and Eggleton (9) for total aad sol- 
uble phosphorus, phosphocrcatme (barium soluble 
fracbon hydrolysed rapidly by aad at 20® C), 
soluble ester phosphorus (the remainder of the 
banum soluble fraction after subtracting phos- 
phocreabne), inorganic phosphate (directly deter- 
mined banum insoluble fracbon), and adenosine 
triphosphate (banum insoluble phosphate lib- 
erated by 7 minute hydrolysis at 1(K)° C, in nor- 
mal aad) When it was not possible to prepare 
extracts of muscle m the cold, analyses of labile 
phosphate compounds were omitted Phosphate 
was determined by the method of Fiske and Sub- 
barerw (10) and creatine by the method of Folm 
(11) When suffiaent matcnal was available, 
determmabons of fat, nitrogen, and water were 
included Results arc expressed in terms of fat- 
free muscle when the concentrabon of fat w’as 
known 

CHinical and necropsy findings (a\’ailable m 3 
cases) and results of microscopic examination of 
muscle were given considerabon in establishing 
diagnoses Protocols and salient details of micro- 
scop> of 8 patients have been desenbed m the 
earlier article ated Histological studies of mus- 
cle were made by Dr R P Custer 
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results 

Chemical analyses of speamens of muscle of 
patients with progressive muscular dystrophy are 
shown in Table I Data in this table are arranged 
according to the seventy of the disease interpreted 
in terms of ability to use the voluntary muscles 

In tlie early stages of muscular dystrophy, 
despite the absence of marked functional impair- 
ment, creatine concentrations already were low- 
ered Further loss of creatine and of other con- 
stituents knoivn to participate actively in muscle 
metabolism occurred as the disease advanced In 
the late stages, exceptionally low concentrations 
were found Infiltration of fat explained much 
of the loss, however, when allo\rance ^vas made 
for this factor, concentrations remained below 
those similarly calculated for normal muscle 
Solids other than fat were decreased in many 
specimens, at times considerably Replacement of 
contractile by fibro-areolar tissue, an outstanding 
change in many specimens, likewise acted to di- 
mmish concentrations of extractives Estimates 
based on the amount of connective tissue shoivn 
by examination under the microscope suggested 
that this factor also could not account for changes 
in extractives A definite conclusion is not pos- 
sible until quantitative measurement of connective 
tissue IS accomplished 


Total acid soluble phosphorus of pnmary dys- 
trophic muscle usually was lowered, roughly m 
proportion to the diminution of creatine. How- 
ever, several specimens contained aad soluble 
phosphorus in concentrations within or near nor- 
mal limits m the presence of low concentrations 
of creatine Possibly, phosphorus from calafied 
necrotic areas may have contnbuted to bring 
about such disproportionately high values In 
normal muscle the concentration of creabne was 
2 5 to 3 times that of total aad soluble phos- 
phorus As shown in Table I, this ratio is fre- 
quently louered in progressive muscular dystro- 
phy, and for a time this fact was regarded as 
evidence of creatine defiaency in this disease 
Subsequently, similar values were found, not un- 
commonly, m secondary disease of the muscles 
Creatine combined as phosphocreatine showed 
declines from the normal that often exceeded the 
change in total creatine This was true particu- 
larly when the disease was advanced At this 
stage approximately one-half of the creatine was 
present as phosphocreatine as compared with tivo- 
thirds so combined in earlier stages 
In addition to the decrease in concentration of 
phosphorus combined with creatine, phosphorus 
measured as adenosine tnphosphate (or adenyl 
pyrophosphate) was diminished in companson 


TABLE I 

Composition of voluntary muscle in progressive muscular dystrophy 


Date 

Patlcntf 

Ase 

Duration 

Muscle 

creatine 

Phosphoroa 

Total 

nitrogen 

Water 

Ether 

extract 

Micro- 

ecoi^c 

Total 

add 

PhOTpho- 

crcatlne 

Soluble 

citer 

Inor 

ganic 

Ade* 

nodne 

triphos- 

pbate 











crams per iOO 

pams per 




years 

years 

msm per lOO srarns of fai free muscle 

plants offal free 

lOO pams 

padtf 

Apr 15, 1934 

RutI 

17 

9 

162 

145 








B 

May 17, 1933 

HI (7) 

12 


219 

109 

32 

25 

19 

31 

2 88 

82 0 

21 5 

B 

May 17, 1933 

TJ (8) 

1 13 

1 

161 

99 

25 

18 

17 

26 

3 39 

79 5 

1 23 5 

B 

Mar 5, 1935 

Morro 

1 17 

t 2 

139 

74 







i 

i B 

Jan 10, 1933 

R M (3) 

27 

7 

388 

276 

86 

56 

44 

89 

2 86 

81 8 

613 

1 B 

Jan 31. 1933 

! H M (6) 

10 

2 

ISO 

52 

12 

8 

16 

14 

303 

81 1 

19 3 

C 

Jan 31, 1933 

JM (5) 

11 

4 

87 

53 

11 

11 

16 

17 

1 74 

88 1 

26 0 

C 

Jan 31, 1933 

AS (4) 

8 

5 

37 

24 

6 

2 

9 

7 

364 

77 4 

400 

D 

July 8, 1932 

LG (2) 

45 

15 

55 

14 

6 


5 


142 

90 8 

27 0 

D 

June 2, 1932 

HM(1) 

28 

19 

99 

37 

12 

4 

10 


181 

89 0 

71 6 

D 

Jan 21, 1937 

Pars 

18 

10 

126 

52 






75 0 


C 

June 1, 1934 

Roger 


20 

186 

64 





2 73 

82 8 

440 

C 


* B = slight detenoration C » marked detenoration D = severe detenoration 
t Numbers m parentheses refer to case numbers of preceding article (17) 
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with normal concentrations Inorganic and sol- 
uble ester phosphorus, although decreased m con- 
centration along with other fractions, constituted 
a larger proportion of the total aad soluble phos- 
phorus in dystrophic muscle than in normal mus- 
cle This relative gam was at the expense of 
phosphocrcabne phosphate and adenosine tnphos- 
phate. 

Degeneration of musde did not occur uni- 
formly m progressive muscular dystrophy Not 
only were certain groups of muscles affected be- 
fore and with greater seventy than others, but 
vanation occurred within the muscle as well Fi- 
bers m vanous stages of degeneration were seen 
together with normal fibers Larger areas of 
musde differed m concentration of creatine, phos- 
phorus, and fat Table II shows the composition 

TABLE n 


Composttton of speamens removed 20 hours Postmortem from 
different portions of nifit and toft vastus extemi 
{Proiressivt muscular dystrophy) 



1 

j Creatine' 

Add col able 
pbospbonis 

Total 

nitrofcn 

Water 

Ether 

extract 

Right 

Distal 

1 mewi^ Per 100 /r<m/ 

1 of fei free rnnscle 

sroiKi Per 100 frfiwt/ j 
qf fat free nuueU 

P*r 

cent 

166 

67 

266 

80 1 

609 

Medial 

225 

95 

269 

77 0 

47J 

Proximal 

Left 

183 

63 

2.30 

804 

42 6 

Medial 

U2 

52 

284 

77 9 

27J 


of speamens removed postmortem from scattered 
areas of the same musde and of the corresponding 
musde of the opposite leg of a patient who had 
suffered many years from progressive muscular 
dystrophy Portions of musde that differed 
widdy in appearance were sdected purposely so 
as to ascertain the extent of variation m chemical 
composition The differences observed consider- 
ably exceeded those encountered m the course of 
multiple biopsies from a restricted area or from 
patients m whom the disease had not reached a 
terminal stage 

The dimcal effects of glyane therapy upon 
these patients have been described m our pre- 
ceding artide (17) which mduded also a brief 
summary of alterations occurring within the mus- 
des The examination of the musdes of patients 
suffering from progressive muscular dystrophy 
after varying penods of glyane feeding (up to 


1 year) showed that deaded abnormalities, both 
chemical and histological, persisted However, 
higher concentrations of extractives found m 
musde suggested that the glyane fed Iiad stimu- 
lated regeneration of musde Unfortunately, 
only 8 patients could be induced to submit to 
senal biopsies and while 6 showed significant 
gams in chemical composition of musde foUownng 
treatment, this number is msuffiaent to exdude 
chance vanation Such improvement, if it may 
be so considered, was not manifested chnically 
despite the fact that glyane was administered for 
as long as 23 months to two patients Similar 
tnals wth creatine showed no favorable effects 
The composition of musde remained undiangcd 
or exhibited additional evidence of detenoration 
The distnbution of aad soluble phosphorus re 
mamed unaffected by either glyane or creatine 
therapy 

Analyses of musde similar to those made in 
progressive muscular dystrophy have been made 
m other diseases involving the musculature to 
leam whether changes observed were pccubar to 
dystrophy or of more general occurrence (Table 
III) With the exception of one patient who had 
myasthema gravis, and one with myositis, involve- 
ment of the musdes was caused ather by im 
paired metabolism or by disease pnmanly of the 
nervous system. 

In myasthema gravis (Patient 33), the only 
distinctly abnormal result was the exceptionally 
high concentration of soluble ester phosphorus 
Nevm (16) also found this to be the sole note- 
worthy chemical change in musde in this disease 
Likewse, Collazo, Barbudo, and Torres (5) ob- 
served no distmctive deviation from normal in 
musde of a patient suffenng from severe myas- 
thema gravis In Table III, it is seen that the 
concentration of creatine is not far from normal 
and not nearly as low as in progressiie muscular 
dystrophy While Wilbams and D}ke (19) re- 
ported lowered creatine concentrations m musde 
m myasthenia gravis the method employed fails 
to measure creatine quantitativdy 

Ostatis fibrosa c>stica (sccondaiy to parathy 
roid adenoma) in Patient 34 whose musdes wc 
examined w’xis accompanied by painful sensations 
and pronounced weakness m the voluntary mus 
des. Large amounts of creatme were excreted in 
the unne ^lusdc creatine and phospliocrcaUne 
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TABLE III PAKT 1 


Composition of voluntary muscle in diseases oilier than muscular dystrophy, tndudtng muscles normal tn appearance 


Pa 
tie nt 
num 
bcr 

1 

Date 

j 

i 

Patient j 

Sex 

Age 

! 

Diagno5l5 

Dura 

tlon 

Functional 

Impainnent 

Biopsy 




1 

years 


years 



19 

Oct 2, 1934 

Towk 

M ' 


Questionable tnchinosis 


Weakness 

Deltoid , normal 


1 






of legs 


20 

Apnl22, 1934 

And 

M 

27 

Trichinosis suspected, unconfirmed 


None 

Normal 

21 

July 10, 1937 

Rich 

F 


Hypertensive cardiovascular disease 


None 

Normal 

22 

Feb 21,1934 

Vane 

M 

49 

Projp^ssivc atrophy secondary to dc- 

10-h 

Slight 

Atrophied fibers 






generation of central nervous s>stcm 









of circulatory origin 




23 

Feb 21, 1934 

Baer 

M 

40 

Muscular atrophy 

5 

Moderate 

Resembled muscular 

24 

Feb 21,1934 

Vedd 

M 

42 

Progressive muscular atrophy second- 

7 

Moderate 

dvstrophy 

Slight atrophy 






ary to degeneration of central nerv- 









1 ous system of circulatory ongin 




25 

Oct 2, 1934 

Lewi 

M 

68 

Progressive atrophy 

30 

Moderate 

Severe atrophy 

26 

Feb 3, 1936 

Famb 

M 

32 

Multiple sclerosis 

7 

Moderate 

H> pertrophy 

27 ' 

Feb 15,1937 

Di Fi 

M 

43 

Progressive spinal muscular atrophy 


Moderate 

Focal atrophy, minor 









degeneration 

28 

Dec 11, 1935 

Sco 

M 

1 

Undetermined 


, Moderate 


29 

Jan 23, 1937 

McLa 

M 

1 28 

Muscuhr atrophy, postinfluenzal 

1 6 

Moderate 

Atrophy 

30 

Aug 21, 1935 

Lohr 

M 

35 

1 Landr>*s ascending paralysis of un- 

1/12 

1 Moderate 

Vastus extemus 

a 





1 known etiology 



Proximal 

b] 




i 




Distal 

c 








Deltoid 

31 1 

Oct 29, 1936 

Tara 

M 

1 

Amyotrophic lateral sclerosis 


Marked 

Atrophy, degeneration 

32 1 

Dec 21,1935 

Candc 

M 

1 44 

Amyotrophic lateral sclerosis 

1/2 

Marked , 

Simulated progressive 








total 

muscular dystrophy 

j 







arcflexia 


33 1 

Feb 3, 1934 

Encel 

PI 

33 

Myasthenia gravis 

2 

Marked 

Atrophy 

34 

Feb 3, 1934 

Raim 

m 

: 45 

Hyperparathyroidism, osteitis fibrosa 

1 

Moderate 


35 

Apnl 27, 1933 

: Stan 

F 

38 

cystica 

Disuse atrophy, inanition 

2 

Moderate 

Atrophy 

36 

April 27, 1933 

Tayl 

F 

63 

Diffuse m>ositi9 

1/4 

Marked 

Chronic inflammation 


tvere lowered The proportion of total aad sol- 
uble phosphorus present as inorganic phosphorus 
was increased 

The effects of semi-starvation for months upon 
the composition of muscle is illustrated by Patient 
35 (Stan) Weakness and atrophy were out- 
standing symptoms, and stnking improvement 
followed forced feeding While both creatine and 
total acid soluble phosphorus were lowered, there 
was no significant change in the distribution of 
phosphorus 

Changes m muscle occurring in myositis were 
discussed in our earlier paper Losses of creatine 
and total acid soluble phosphorus are comparable 
with those m dystrophy (Patient 36) In con- 
trast to the latter, the distnbution of acid soluble 
phosphorus differed less from normal 

Impairment of the muscles, obviously secon- 


dary to diseases of the nervous system, existed in 
10 patients (Patients 22 to 27, and 29 to 32) 
This group, like the others already discussed, in- 
cluded various grades of involvement of tlie mus- 
cles Compared witli tlie results m muscular dys- 
trophy, chemical clianges were not as pronounced, 
although the duration of the disease was equal to 
or in excess of that of the dystrophic patients 
The distnbution of phosphate did not differ sig- 
nificantly from normal It is apparent from Ta- 
ble III that m most patients the concentration of 
creatine had been sustained near normal levels or 
had not diminished greatly Exceptionally low 
values were found only m two, both diagnosed 
amyotrophic lateral sclerosis In the latter, re- 
placement of muscle fibers by fat and fibro-areolar 
tissue was widespread, and the resemblance to 
dystrophic muscle was close 
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PART II 


No 

Urine 

Moade* 

Preformed 

creatlnloe 

1 

Creatine u 
geariplDe 

Oeatfne 

1 1 

Pbospbom 

Total 

nltroceo 

1 

Water 

Ether 

extract 

Total add 
aoluble 

\ Phoapho- 
1 creatine 

Golable 

eiter 

loorcicdc 

Adenoilne 

tripboapbate 


tramt ptr H howi 



Mfm ptr 100 tramt of wtitU 


froau ftr 100 trams of mustU 

19 


1 

1 449 

164 




1 




20 



' 296 

122 

50 

12 

14 

1 

40 




21 



1 435 

, 175 




1 




22 

0 230 

0J89 

1 48Z 

137 

72 

8 

6 

33 

1 

3 14 

72 6 

89 

23 



372 

181 


\ 

1 


1 

2 66 

710 

90 

24 

0 169 

0 419 

350 

171 





1 88 

77 1 

89 

25 

0.217 ! 


321 

126 

52 

17 

20 

35 

2 55 

76 5 

7.5 

26 

1 

1 

269 

134 








27 



263 

117 ! 








28 



217 

124 1 








29 1 



209 



1 


1 




30a ! 

1 

j \ 

161 

133 








b 



151 









c 


1 

136 

125 1 






78 7 


31 


1 

119 

91 








32 



89fR)t 

53(Rn 











86(L)t 

57(L)t 








33 


0.383 

320 

154 

54 

40 1 

8 

45 

2 94 

75 8 

37 

34 

0 504 


260 

134 

30 


24 

31 




35 

BRil 


258 ' 

85 

39 1 

5 

22 

17 




36 

0.304 


175 

85 

33 

P 

22 

24 

2 04 

1 

74 7 

10 9 


* When Itftllcued values are calculated on fat free basis, 
t (RJ - Rinht 
(L) - uTt 


Speamens from muscle normal m function and 
appearance were secured from Patients 19 and 20 
suspected of trichinosis, but m whom neither par- 
asites nor inflammation of muscles were found, 
and also from a paUent suflfcnng from hyper- 
tensive cardiovascular disease Creatine concen- 
trations were \vithm the limits of normal estab- 
lished by Bodanskv (1) and Corsaro (6) in two 
patients, and lower in the third Few figures arc 
available for concentrations in human voluntary 
muscle of phosphocrcatine and other fractions of 
the aad soluble phosphate. Ncvin (16) has pub 
hshed analyses for these substances in 6 normal 
human subjects Our values for phosphocrcatine 
and inorganic orthophosphate agree well wth 
those of Nevin , however, we find less adenosine 


triphosphate and more soluble ester phosphorus 
Our data are similar to those of Eggleton (8), 
Milroy (15) and others who have analysed animal 
muscles 

DISCUSSION 

The effect of disease upon the composition of 
muscle has not been investigated extensively 
Brand and Hams (4), Nevm (16), Collaro, Bar- 
budo, and Torres (5), and Debri, Mane, and 
Naclnnansohn (7) have anaijrsed phospliate com- 
pounds of the muscles of patients suffering from 
myopathies The last named group determined 
glycogen and lacbc aad as well Low concentra 
tions of creatine m muscle were found m myositis 
fibrosa by Bodansky Schwab, and Bnndlcy C2) 
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and m myositis ossificans by Bodansky and 
Schwab (3) Nevin (16) has compared a num- 
ber of diseases m regard to muscle chemistry 
Hines and Knowlton (12) have studied quanti- 
tatively the rate of loss of muscle extractives that 
follows denervation, while Chor, Dolkart, and 
Davenport (20) have correlated histological and 
chemical clianges m muscles of cats and monkeys 
after denervation 

Our studies show that clianges m composition 
of voluntary muscles were more pronounced in 
progressive muscular dystrophy than in most of 
the other diseases investigated including myasthe- 
nia gravis, secondary involvement of muscle due 
to disease of the central nervous system, or cer- 
tain disturbances of endocnne ongm Changes 
comparable to those observed m progressive mus- 
cular dystrophy were encountered m polymyositis 
and m amyotrophic lateral sclerosis 

Our expenence suggests that chemical analysis 
can be used advantageously m the study of muscle 
involvement It seems probable that analysis of 
muscle can supplement microscopy for quantita- 
tive evaluation of impairment and that it perhaps 
IS capable of supplying information not other\vise 
procurable Although many constituents of 
muscle are affected, determinations of phosphate, 
creatine, and possibly glycogen are the more prac- 
ticable, while analyses of fat and water are de- 
sirable According to data now available, low 
concentrations of extractives denote detenoration 
of muscle tissue On tlie other hand, poor func- 
tion assoaated with comparatively normal cliemi- 
cal composition appears to charactenze diseases m 
which the defect is pnmanly one of transmission 
of impulses However, it is evident that there is 
no sharp differentiation behveen the so-called my- 
opathies and neuropathies Amyotrophic lateral 
sclerosis, for example, showed loss of creabne 
from the muscle comparable to that in progressive 
muscular dystrophy, yet the former is regarded 
by most authonties as belonging to the group of 
neuropathies 

Although dijEfenng appreaably from normal, 
the distnbution of acid soluble phosphorus in the 
badly detenorated muscle of advanced dystrophy 
was not changed to the extent antiapated on the 
basis of morphological alteration Inhibition of 
chemical reactions of the muscles, including those 
involved in hydrolysis of phosphate compounds 


provides an explanation That hydrolysis follow- 
ing stimulation does not occur as readily m dis- 
eased as m normal human muscle is shown by 
Nevin's data (16) In his expenments, no de- 
crease in adenosine tnphosphate and httle change 
in phosphocreatme occurred after stimulation of 
badly degenerated muscle Muscles less severely 
involved showed an appreaable hydrolysis of 
phosphate compounds as did also normal muscle. 
Presumably, defiaenaes wth respect to phos- 
phocreatine and adenosine tnphosphate were re- 
lated since phosphorylation m muscle involves 
both in linked reactions Interference at any of 
several steps m the phosphorylation process would 
lead to impairment of phosphocreatme resynthesis 
with dimimshed concentration of this substance 
Loss of diffusion of creatine remaining uncom- 
bined would follow Actually, we have found less 
creatine combined as phosphocreatme m most of 
the dystrophic muscles w'hen companson is made 
with muscles in other diseases studied 

Through the collaboration of Doctor William 
A Wolff and Professor D Wnght Wilson, sev- 
eral speamens of biopsied muscle from patients 
with progressive muscular dystrophy were ana- 
lysed by the colonmetnc method for camosme 
(13, 14) It ^vas found that camosme ^vas pres- 
ent although m low concentrations as compared 
with tlie normal The decrease was equi\^ent to 
that exhibited by other aad-soluble extractives in 
the same specimens of muscle, 

SUMMARY 

1 The chemical composition of muscle m pro- 
gressive muscular dystrophy was altered more ex- 
tensively than m diseases with secondaiy atrophy 
of the muscles Changes comparable to those 

^ found in progressive muscular dystrophy were 
observed m diffuse myosibs and amyotrophic lat- 
eral sclerosis 

2 In progressive muscular dystrophy, concen- 
trations of creatine and other substances extrac- 
tible by dilute aad were diminished Phospho- 
creatme and adenosine tnphosphate constituted a 
smaller proportion and soluble ester phosphorus 
and inorganic phosphorus a larger proportion of 
the total aad soluble phosphorus compared with 
control speamens of muscle normal in appear- 
ance 

3 Chemical analysis of muscle can be used to 
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supplement climcal and histological examination 
m diagnosis and m measurement of deterioration 
of muscle 

Wc art indebted to Doctors J W McConnell, George 
Wilson Joseph C Yaskin, Bernard Alpers, and their 
assistants of the Department of Nervous Diseases Phila 
delphla General Hospital for clinical observations and 
diagnoses. 
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Owing principally to the investigations of Hcr- 
ing (1) and Heymans et al (2), it is now wdl 
established that the carotid sinus and the aortic 
depressor nerve and its end organs are the chief 
nervous mechanisms for the regulation of the 
blood pressure* Considenng their importance 
from a physiological viewpoint, it should not be 
surpnsing if surgical interference produced un- 
toward effects In animals, denervation of both 
carotid sinuses and section of both depressor 
nerves has been found by most investigators (1, 
3, 4, 5) to cause a chrome hypertension and tachy- 
cardia, an increased labihty of the blood pressure 
and pulse, and often vanous other disorders De- 
nervation of the carotid sinuses alone usually re- 
sults m similar but only temporary changes (1,4) 
For example, in 8 out of 10 dogs on whom Lenche 
et al (6) had performed this operation, the blood 
pressure and pulse returned to normal m less than 
two months However, in the 2 remaming am- 
mals there was still an elevation of the blood pres- 
sure of 20 and 40 mm Hg respectively at the end 
of this time Rcgardmg other effects of this op- 
eration, especially the effect on postural vascular 
reflexes, there are very few data m the hterature, 
Henng (1) states that, m dogs, there occurs a 
greater fall in blood pressure on assuming the 
standing position than in normal animals Green 
and his coworkers (7) noted fainting attacks in 2 
of their dogs who had bilaterally denervated caro- 
tid sinuses These attacks may have been on a 
postural basis 

In man umlateral denervation of the carotid 
sinus results in only temporary elevation of the 
blood pressure and pulse, and, as far as is known, 
no chmgc m the postural vascular reflexes (6 8) 
Bilateral carotid sinus denervation in man has not 
previously been reported in this country In the 
European literature there are several reports, but 
the pubhshed data are very meager Lauvers 
(9) found no serious effects in 9 cases He in- 


cludes no actual figures for blood pressures or 
pulse rates 

Damelopolu (10) merely reports that the op- 
eration has been done and that no hypertension 
resulted Five cases were operated upon by Le- 
nche ct al (6) who state that no marked perma- 
nent variations m blood pressure or pulse rate 
occurred However, figures are given for only 3 
of the cases In one of these the pressure re- 
turned to the preoperative level the day of opera- 
tion, m another there -was a hypertension 3 days 
postoperativdy (further observations were not 
recorded) , and m the third case the blood pres- 
sure was still elevated at the end of 4 months 
from a preoperativc level of 140/70 to 165/85 
In none of the above cases ^vere observations on 
the effect of posture on the blood pressure re- 
corded 

From this review of the literature, it is appar- 
ent that our knowledge of the late effects of bi- 
lateral carotid sinus denervation in man is scanty 
and incomplete* Only resting blood pressures and 
pulse values have been determined, and then only 
in a few cases We were fortunate in having 
available 2 patients on whom one of us (Gte de 
Takdts) had performed bilateral carotid sinus de- 
nervation 8^/4 and 17 months previously Since 
both patients were operated upon for epilepsy, 
complete preoperative data arc not available. In 
spite of this defiacncy, a study of the vascular re- 
flexes of these 2 patients at this relatively late 
date postopcratively has yielded results of suffi 
aent interest to warrant the present report 

METHODS OF STUDY 

The observations nude were directed at dctcrnunfng 
(1) the presence or absence of expected abnormalities in 
vascular reflexes (2) the response of the carotid sinuses 
to itimolation and (3) the status of another vasovaigal 
reflex, the oculocardiaa Identical tests were made on 
both patients and in most cases each lest was repeated 
at least once, and in cases of doubt sertral times* Where 
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marked variations occurred on repetition, the most ex- 
treme results have both been recorded Blood pressures 
were determined by the auscultatory method Pulse rates 
were taken at the wrist, being calculated from consecu- 
tive IS-second intervals for the postural and exercise 
tests For the other tests an electrocardiograph was 
used 

In the first category were included observations on the 
resting blood pressure and pulse, and the changes that 
occurred on voluntary standing and after exercise Rest- 
ing observations were obtained after 15 minutes or more 
in the supine position. Postural changes were deter- 
mined by having the patient stand up quickly with as 
little effort as possible The blood pressure was taken 
each 15 seconds and the radial pulse rate counted con- 
tinuously, while the pulse was calculated for each 15- 
sccond interval The findings at the end of 2 minutes 
arc recorded in the tables, since a reasonably constant 
level seemed to be reached by this time. The effect of 
exercise was determined by allowing the patients to run 
up and down one flight of stairs The maximum change 
in blood pressure and pulse rate, taken at IS-sccond 
intervals as before, is recorded in Table I 

In the second category were included observations on 
the effect of direct carotid sinus pressure and of occlu- 
sion of the common carotid low m the neck with sudden 
release of pressure. The patients were tested in the 
supine position The technique has been described m a 
previous paper (8) Continuous electrocardiographic 
tracings were made and the pulse calculated therefrom 


TABLE I 

Effect of hiloUral denervation of tlte carotid stnus on blood 
pressure and pulse 


Patient 

1 

1 Arc 

Sex 

Prcopcmllve 

lying 

Months 

post 

operative 

Postoperative 

Blood 

preesure 

Pulse 

rate 

Blood 

pressure 

Pulse 

rate 


years 


mm Bg 

per 

minute 


mm Be 

f", 

minute 

M 

30 

M 

102/72 

70 

17 

102/68 

58 

S 

j 

23 

M 

120/60 

70 

8i 

122/70 

72 


Determmations of blood pressure were made as fre- 
quently as feasible during the experiment The maxi- 
mum changes in pulse (time between two beats) and in 
blood pressure have been recorded Changes in respira- 
tion and subjective symptoms were also noted The ef- 
fects of strong eyeball pressure for a 15-second interval 
were studied in a similar manner 

MATERIAL 

The 2 patients studied were both cases of severe idio- 
pathic epilepsy The physical examination and the lab- 
oratory findings were essentially negative. The opera- 
bons were performed by one of us (G^za de Takte), 
and consisted of a 2-stage denervabon of the carotid 
sinuses and a 2-stage cervicodorsal sympathectomy The 


carotid sinuses were cleanly stripped, as well as the 
artery, for a distance of 2 cm , both above and below the 
sinus (A more complete description of the operation, 
as well as the effect on the epilepsy, will be discussed in 
a later publication ) The carobd body was identified at 
biopsy in one instance Many autonomic nerve fibers 
were found in all four biopsy speamens 

As controls for the postural tests, the results obtamed 
by Roth (11) in 37 normal males and in 5 cases of bi- 
lateral cervicodorsal S 3 unpathectomy were used. Her de- 
terminations were made with the same technique as was 
used here. For the exercise test, 7 normal subjects— 5 
females and 2 males recruited from the doctors and 
nurses of the hospital staff — ^were employed as controls 

RESULTS 

In Table I is recorded the resting blood pres- 
sure and pulse of both patients before the opera- 
tion and at the time of study, along wth other 
pertinent data It will be noted that there ^vas 
practically no change in the blood pressure The 
significance of the slower pulse in Patient M post- 
opcratively is problematical 


TABLE II 

Effect of bilateral denervation of the carotid stnus on postural 
vascular reflexes and reaction to exercise 


Patient 

LyluK 

j Standing 

Standing after 
cxerelse 

Symptoms on 
standing 

Blood 

pres- 

sore 

Pulse 

rate 

Blood 

prtssare 

Puhe : 
rate 

Blood ! 
THtsiure 

Pulse' 

rate 

M 

8 

mm 

icr/os 

122/70 

per 

min 

ute 

68 

72 

mm. Bff 

85/W 

1 106/78 

1 or 

1 76/00 

1 

minute 

80 

01 

mm. Bff 

05/65 

lOS/70 

min 

uU 

100 

114 

1 

None 

1 Temporary 
faintness. 
Pointed once 

Controls 

Average change 

37 Normal moles (Roth 
(ID) 

6 Cases of bOntcral 

cerrl codorsal sym- 
pfttbeotomy (Roth 

(ID) 

7 Normal sobjecta 

Brs.-19 
Dias. +0 6 

6y8.+08 
DiM +10.8 

+16 8 

+11 

ByB.+20* 
|tHaa. -17 

,+31 

None 


* In the seven normal subjects the average changes m 
blood pressure and pulse rate are computed from a control 
level while standing at rest 


Table II shows the effect of posture and of ex- 
erase In both patients it will be noted that there 
IS a marked fall m the systolic blood pressure on 
assuming the standing position In both the nor- 
mal control group and in those mth a bilateral 
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cemcothoraac sympathectomy, there was no sig- 
nificant change m the systobc pressure. The di- 
astohe pressures m the 2 patients failed to nse in 
the same manner as in the controls The fall m 
blood pressure of Patient S 'was found to vary 
considerably The extremes of this vanation 
have both been included in Table II In the sec- 
ond instance a pressure of 58/45 was maintained 
for a full minute before it gradually rose to 75/60 
where it remained Strangely enough, the pulse 
changes were greater in extent than m the con- 
trols 

After runnmg up one flight of stairs, the pa- 
tients failed to show either a pulse or a blood 
pressure nse as great as that m the normal con- 
trols 

Finally, it will be noted that Patient S usually 
fdt faint immediately after rising from the lying 
position On one occasion he was observed to 
lose consaousness and fall He stated definitely 
that this experience was a famt and not an epi- 
leptic attack. Furthermore, he said that before 
the operation he had not had these symptoms 

TABLE ra 



In Tables HI and IV are shown the effect of 
carotid sinus pressure in each of the 2 patients 
It will be noted that m Patient M there was no 
defimte response to any of the tests (Table III) 
The use m blood pressure, with occlusion of the 
common carotid, might be so considered, but the 
lack of a depressor response on the release of 
pressure is m favor of some other explanation 
than a reflex from the carotid smus 


TABLE IV 

Vascuhr r f flexes afler bilateral denervation of Pte carotid 



In Patient S (Table IV) there was a slight but 
defimte response to direct stimulation of either 
carotid sinus Occlusion pf the common carotid 
failed, however, to induce any defimte changes 
Pressure on the eyeball m this patient caused a 
slight but defimte fall m blood pressure and some 
slowing of the heart 

DISCUSSION 

From the foregoing results it can be concluded 
that no permanent hypertension or tachycardia re- 
sulted from bilateral carotid sinus denervation. 
Furthermore, at the time of examination there 
was no evidence of mcrcascd sympathetic activity 
or increased lability of the blood pressure and 
pulse as might be demonstrated by cxerase. 
However, on the other hand, there was a defimte 
postural hypotension Several questions concern- 
ing the validity of these conclusions immediately 
come to mmd 

One first wonders whether the denervations 
were complete or whether regeneration of the 
nerves may not have occurred This, of course, 
cannot be answered catcgoncally The actual op- 
eration performed was an extensive one that 
should result in a complete denervation Tempo- 
rary hypertension was observed following the 
second operation in both cases This lasted for 
at least 12 dajs m Pahent M and for at least 4 
days in Patient S Because of the patients^ dis 
charge on these dajs, the duration of 


388 


RICHARD B CAPPS AND g£zA DE TAKATS 


tension is not known Patient M also had a mild 
increase in pressure of 20 mm Hg after his first 
sinus denervation This lasted for 7 days, at 
which time the second operation was performed 
The hypertension in each case was of a consider- 
able degree, reaching 152/100 mm Hg in Patient 
S and 146/100 m Patient M The production of 
hypertension lasting a number of days is evidence 
that most if not all of the carotid sinus fibers were 
sectioned Furtlier evidence tliat the sinuses were 
completely denervated is offered by the results of 
carotid sinus stimulation Both direct mechanical 
stimulation of the sinuses and indirect stimulation 
by occluding the common carotid artencs gave no 
defimte evidence of any physiological activity It 
IS true tliat in Patient S there was a mild response 
to direct pressure on both sides This type of re- 
sponse has, however, been noted before in the 
absence of physiological activity (8) The ex- 
planation IS not clear Possibly the nerve stumps 
are sensitive (2) The presence of reflex changes 
from pressure on the eyeball simply demonstrates 
that other vasovagal reflexes are sensitive in Pa- 
tient S The next question that anses is that of 
the influence of tlie cervicodorsal sympathec- 
tomies The 5 patients studied by Roth (11) and 
included as controls in Table II show that this 
operation does not effect the reaction to change m 
posture On theoretical grounds, there should not 
be any effect on blood pressure reflexes Further- 
more, it IS known that sympathetic accelerator 
fibers reacli the heart through ganglia much lower 
tlian the second dorsal (12) which was the lowest 
one resected in our patients In fairness, it must 
be said that the depressed acceleration of the pulse 
m the exerase test may have been owing, at least 
in part, to the section of tlie chief sympathetic 
nerve supply to the heart 

The absence of proper preoperative controls 
throws doubt only on the finding of postural hy- 
potension However, it seems unlikely tliat both 
patients would have shown this same phenomenon 
preoperatively and espeaally to such a marked de- 
gree The absence of postural s 3 rmptoms in Pa- 
tient S before the operation is good evidence that 
they were the result of the denervation 

The significance of the more direct tests of the 
carotid sinuses is, of course, questionable because 
of lack of adequate preoperative control studies 
The negative results, however, are consistent with 


complete denervation and absence of nervous re- 
generation 

The fact that bilateral denervation of the caro- 
tid sinus in man fails to produce a permanent ele- 
vation or an increased lability of the blood pres- 
sure or pulse shows that the aortic depressor 
mechanism is able to assume these functions of 
the carotid sinus m a reasonably satisfactory man- 
ner Possibly also, as Breucker (13) has sug- 
gested, the type of speaalized nerve endings 
found in the carotid sinus are more extensively 
distributed than generally thought The postural 
hypotension can be explained on the basis of a 
relatively lower sensitivity of the aortic depressor 
mechanism than of that of the carotid sinus 
Koch (14) has adduced expenmental evidence in 
animals in favor of this assumption 

Whether or not certain cases of idiopathic pos- 
tural hypotension are due to a mechanism similar 
to tliat of our two cases cannot be stated Cer- 
tainly, direct stimulation of the carotid sinus m 
such cases frequently reveals an absence of sensi- 
tivity (15, 16) It may w^ell be that for vanous 
reasons the physiological sensitivity is diminished 
m certain individuals 

In conclusion, it should be emphasized that un- 
til further cases have been studied, the operation 
of bilateral carotid sinus denervation should not 
be undertaken lightly It may be follow^ed by 
unfavorable and even senous after-effects It 
should not be performed unless the symptoms and 
condition of the patient justify the risk 

CONCLUSIONS 

1 Two cases have been reported where a bi- 
lateral carotid sinus denervation and a bilateral 
cervicodorsal sympathectomy were performed 
The \^scular reflexes of tliese patients were stud- 
ied 17 and 8 % months after the operations re- 
spectively 

2 There w^as no elevation of the blood pressure 
or pulse rate at this time as a result of the opera- 
tion 

3 There w^as no increased labihty of the blood 
pressure and the pulse as sho^vn by an exerase 
tolerance test 

4 A marked postural hypotension \vas found 
in both patients 

5 Evidence that the foregoing findings were 
significant is presented 



CAfiOTID SINUS DENERVATION 


389 


6 The possibility that a similar mechanism, 
namely loss of sensitivity of the carotid sinuses 
to normal physiological stimuli, may account for 
the findmgs in certain cases of idiopathic postural 
hypotension is pointed out 
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Consideration of the hydrodynamics in coarcta 
hon of the aorta mdicatcs that the artenal hyper- 
tension which IS a feature of that disease is not 
to he explained upon the grounds of mechanical 
obstruction to blood flow per se Such considera- 
tion has led to expenments which show that this 
vanety of hypertension is owing to interference 
with renal blood supply 

Pathological physiology of coarctation of the 
aorta In this condition, artenal pressure is prac- 
tically always high in the arms, while it is usually 
low or normal (occasionally even high) m the 
legs (1) The hypertension m the upper part of 
the body is often attnbuted to the mechamcal 
obstruction of the stenotic aortic isthmus to blood 
flow, but as Lewis (2) pointed out, the total cross 
section area of the collateral bed is at least equal 
to that of the normal aorta. However, the col- 
lateral vessels are long and tortuous and may 
easily account for the reduced pressure m the 
lower body as compared with the upper Al- 
though the resistance of the collateral bed explains 
the difference between arm and leg pressure, it is 
not an explanation of the absolute pressure levels , 
were medianical obstruction the only factor, one 
would always expect to find low pressure in the 
legs and less increase of pressure in the arras than 
actually occurs 

If the increased artenal pressure in the arms 
were a result of redistribution of blood such as 
occurred in the expenments of Barcroft and Sa- 
maan (3) then the cardiac output and flow of 
blood through the upper part of the body should 
be increased, this, however, has not been found 
(2, 4, 5, 6, 7) Failure to demonstrate abnor- 
mally high rates of flow can mean only that 
pcnpheral resistance is increased m all the small 
vessels of the upper part of die body, the in- 
creased resistance in this region requires just as 
much explanation as docs the generalized in 

I Thu work was aided by a grant from the RodtcfcDcr 
FoundalioiL 


creased resistance in any other vanety of hyper- 
tension. 

The presence of an increased resistance m the 
upper part of the body m coarctation of the aorta 
may perhaps be made clearer by a mathemabcal 
demonstration using the well known formula 

Pressure 

Resistance = 

Flow 

With pressure in mm Hg and flow m liters per 
mmute, resistance may be expressed in arbitrary 
umts with less confusion than when dynes are 
introduced (8) 

When the regional fracbonation of the cardiac 
output of a normal man wcighmg 70 kgm and 
with a blood pressure of 125/80 mm Hg is cal- 
culated from the data of Levy and Blalock (9) 
for the dog and with mean pressure equal to 
diastolic pressure plus 43 per cent of pulse pres- 
sure (10), the representabve results noted m 
Table I are obtained 


TABLE I 


CakidaUd {approximate) retional blood flow and resiitance 
for normal man 


Retfon 

Blood Sow 

Re«Ut*nce (n 
•ftttmy ttnRt 


UUrsptr 

§ 

1 

1 

? 


mtnuU 

\ UltTS prr mtmvU / 

Upper trunk, arms, head 



neck, and heart 

200 

50 {A) 

Kidney’S 

100 

100 

Liver and porta! bed 

1,50 

67 (C) 

Lower trunk and lee* 

065 

154 

Entire body (excluding lung*) 

5 IS 

19 


* The refliat*nce for the entire bod> (£) mny aUo 
be calculated from A, B C and D by the formula 

+ for calculating the total resittancc 

offered by Kvcml resistances in parallcL 


If now we consider a pabent with coarctabon 
of the aorta whose cardiac output is normal (6, 
7) whose regional blood flow Irtormat or vciy 
nearly so (2, 4 5, 11), and 
IS 195/100 mm Hg in the 
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NORMAL 

ReslMonce 

ArOlfrory 

Unlit 

Pressure 
Grodienf 
(mnx Hg) 

Bfood 

Flow 

rUiersX 

Vmlnute/ 

REGION 

Blood 

Flow 

^L«ere\ 

Vmrnute/ 

Pressure 
Gradient 
(mm Hg) 

Resistance 

Arbitrary 

Units 

COARCTATION OF 
THE AORTA 



N 




Lungt 






Arttflolc rodlui 


50 

(00 

20 

Upper trunlf, 
ormt^heor? 
heod ond necL 

2.0 

140 

70 

Arterloi* rodiu* 


100% 


92 'fo 


AORTA -v 

'^VENA CAVA 





Creol Veneit 

3.15 

70 

22 

fAORTIC isthmus 

W STENOSIS AND 

Vcoluteral bed i 

VENA CAVA^ 


Arteriole rodiui 


100 

iOO 

1 0 

Kidney* 

I 0 

70 

70 

Arttrloti radius 


100% 


' 109 % 1 


Arteriole radia* 


67 

100 

1 5 

1 

1 

[ 

Liver ond Portol 

1 5 

1 

70 

47 

1 

Arteriole fodiut 1 


100% ” ' 




Arterlofe rodiui 


154 

IOO 

1 

065 

Lower trunk 
ond leas 

065 

70 

108 < 

ArftrioT# radrtii 


100% 109% 


Fig 1 Regional Resistance, Blood Flow, Arterial Pressure and RELA-mx Arteriolar Radius in a 
Normal Subject (Blood Pressure 125/80 mm He) and in a Subject with Coarctation of the Aorta 
(Blood Pressure, Arms 195/100, Legs 80/60 mm He) 

Note. The combined caliber of aortic isthmus stenosis and collateral bed approximates that of the normal 
aorta Its width is narrow in the diagram to indicate the resistance due to length and tortuositj 


Hg m the legs, we may make the following cal- 
culations Since the mean pressure m the lower 
aorta is approximately 70 mm Hg and that above 
the stenosis of the isthmus is 140 mm Hg, the 
resistance of the stenosis and collateral bed is 
represented by the pressure gradient (140 — 70 
= 70 mm Hg) divided by the blood flow which 
they carry (abdominal viscera, lower trunk, and 
legs, or, 315 liters per minute), or 22 arbitrary 
units As the tissues just mentioned are perfused 
with a normal volume flow per minute (2, 11) at 
a reduced pressure head, the resistance in this re- 
gion must be decreased by 30 per cent If the 
resistance had not decreased and the pressure had 
fallen from 125/80 to 80/60 mm Hg, then the 
flow would have been 30 per cent less than the 
observed level But in the upper trunk, arms, 
head, neck, and heart, 2 0 liters per minute still 
arculate under a pressure head of 140 mm Hg, 
so that here the resistance must have increased 


from 50 to 70 arbitrary units or by 40 per cent 
Figure 1 shows these changes, the fundamental 
significance of which is not altered by the probable 
inaccuraaes in the calculated absolute values of 
the regional flows 

Since the resistance vanes inversely wth the 
fourth power of (artcnolar) radius, a decrease in 
radius of 10 per cent increases tlie resistance 50 
per cent, and a decrease in radius of 15 per cent 
doubles the resistance In coarctation of the aorta 
the resistance of the upper part of the body usu- 
ally vanes between 150 and 200 per cent of that 
m the lower part, so the radius of an artenole 
from the arm would be only 15 per cent smaller 
than that of one from the leg Beanng in mind 
the difficulties inherent in measunng fixed arten- 
oles, one could have predicted that no significant 
difference m caliber of sucli vessels from arm and 
leg would be observed, a theoretical conclusion 
compatible with actual measurement (12) In 
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this particular senes, the calculated expected dif- 
ference was only 10 per cent 

It seemed that the cause of the mcreased re- 
sistance and pressure m the upper body in co- 
arctation of the aorta might be the same as that 
of the generahzed changes in the Goldblatt dog 
(13), for m each case renal tissue is distal to a 
partially occluded artery It has been shown that 
the kidney is apparently umque in the pathogene- 
sis of hypertension when an organ’s artery is par- 
tially occluded (13) Bell’s suggestion that the 
hypertension in coarctation of the aorta is funda- 
mentally similar to that in the dog with a par- 
tially occluded renal artery was rejected by Gold- 
blatt (14) , * the problem has now been studied 
expenmentally 

Hypertension as evidenced by left ventricular 
cardiac hypertrophy was produced m 11 rats by 
partial occlusion of the aorta between the right 
(proximal) and left (distal) renal artenes With 
suniJar occlusion hypertension did not occur in 25 
other rats when the left kidney was removed 
simultaneously In other words, partial occlusion 
of the aorta at the same site in two groups of rats 
produced hypertension only in that group with 
renal tissue distal to the occlusion, even though 
the blood flow was hmdered by the same mechani- 
cal obstruction owing to stenosis and a collateral 
bed m both groups Hypertension was also pro- 
duced m 12 rats by partial occlusion of the aorta 
just above both kidneys, a site more nearly analo- 
gous to that of the obstruction in coarctation of 
the aorta. 


METHODS 

The results in this paper were obtained from over 175 
experiments on albino rats, each sacrificed 20 days after 
operation. The general conditions and methods taed m 
this laboratory have been reported previously, the diet 
contamed 10 per cent casern and 19 per cent total pro- 
tem (IS) 

Optratwe technique The operative technique is a 
modificatioa of Collins method (16) No attempt at 
asepsis is made. The rat is anesthetized with ether and 
a long rmdlme abdominal indslon made. If the left 
renal artery is to be tied, it Is dissected free, usually be- 


» Goldblatt and Kahn (J A, M, A., 1938 110 49 
foopiotc 1 (h) and personal communicalloa) find m 
the doff that partial occlusion of the aorta Wow both 
renal artenes is not followed by hypertcnsico similar 
occlusion immediately above both renal artenes products 
hypertcnslom 


tween the kidney and the suprarenal vem occasionally it 
IS best freed between the latter and the aorta. A wire 
04 mm. in diameter is placed parallel to the exposed 
artery and a illlc thread passed beneath both wire and 
artery The thread is then tied, the hgature of course 
mdudmg wire and artery The wire may then be gently 
withdrawn, the ligature remaining, the abdominal ind 
Sion 13 dosed in the usual manner If the aorta is to be 
tied, it may be freed at the desired site (between the 
renal artenes or just above them) and tied together with 
a wire 0l9 rttra. m diameter Pccanooally the thoradc 
duct IS ruptured, but heals spontaneously The sizes of 
the wires given above are satisfactory for rats of about 
100 to 200 grams, but practice Is necessary to learn the 
appropriate force with which to tie the ligature. In a 
successful experiment, the kidney blanches on tying then 
undergoes reactive hyperemia immediately on removal of 
the wire. 

Organ xxmghU In rats sacrificed 20 days after opera 
tion, the heart and Iddncys were weighed on torsion bal 
ances and compared with the predicted weights of those 
organs in normal rats of the same weight and sex The 
predictions were based on the following formulae derived 
by Dr T Addis from data coHected m this laboratory on 
over 1500 rats 


^ale heart 
Female heart 
Male ladney (single) 
Female ladney (ungw) 


HW*=12.56BW*”-hl.S 
KW = 15 0BW"*"-Fia3 
KW=»20a8BW*« + 6.1 


In these formulae, more accurate than the similar for 
mulac based upon surface area (kBW**"), organ weights 
are in milhgrams, body weights m grams. Statistical 
studies show that the normal variability of heart weight 
IS so small that its coeffiaent of vanatloa at a given 
range of body weight of 10 grams is only 37 per cenL 
This means that an observed deviation (from the weight 
predicted by the equabocs) of d: 10 per cent occurs on/y 
once m 143 normal rats, a deviation of ± IS per cent 
occurs once in every 15 770 rats any individual dcvatioa 
of ± 12 per cent or more is ** almost certainly ” ngmfi 
cant Kidaqr weight Is normally more variable, its co- 
effident of variation being 9J8 per cent Therefore, la 
observed derutjon m ladnQr weight of ±10 per ce=t 
occurs as often as once m every 3 rats ± 15 per ect 
once m fi, ±2o per cent once In every 143 m order t 
be stahsbeaDy significant, a imgle observed lodner 
must deviate ±28 per cent from the prcdktiaL 
ages of groups of hearts or ladncyi are moeb kss 
able. The rats m the present cxpcnmect vter 


urc conoiuons as were 


the data were obtained for the fonnuhe 
stanl tcmpciatnrc, etc.) and the 
to apply only under constant conditwai ^ — 
Tlte degree of cardiac hypertrophy ^ ^ 

dex of the effect of the procedures ca da 
sure. In the absence of or ^ 


when an mcreased L/R ratio is , 
heart weight seems to be a betterc 
daily level of arterial prcssntr ^ 



394 


DAVID A RYTAND 


under anesthesia by methods which arc, in our hands, not 
satisfactory Anemia was excluded by the fact that 
hematocrit values in a group of hypertensive rats aver- 
aged 93 per cent of those of controls The hearts from 
23 nonhypertcnsivc and 14 unselcCtcd hypertensive rats 
were fixed, and the right and left ventricles separated 
and weighed The hjR ratio, corrected as previously 
described (15), was 21 per cent greater in the hyper- 
tensive group, a difference five times its probable error 
and therefore statistically significant 
In order to translate tlie observed cardiac hypertrophy 
into blood pressure levels, it may be noted that Chanutm 
and Barksdale (17) have shown that in the rat a hyper- 
trophy of 25 per cent occurs with a chronic hypertension 
of 160 to 170 mm Hg, 50 per cent with 180 mm Hg or 
over Since the present expenments were of shorter 
duration, the existing pressure levels were probably 
higher at any given degree of cardiac hypertrophy 

RESULTS 

Detailed protocols are given m the Tables, a 
summary is presented m Figure 2 The expen- 
ments are best discussed m six divisions 


EXPERIMENT 


ORGAN WEIGHTS, 


% DEVIATION FROM NORMAL 


H 

X 

o 

q: 

LEFT 

HEART 

KIDNEY 

NUMBER 
OF RATS 

RIGHT 

LEFT 

a §1 

1 

+2% 

+38% 

-100% 

14 

A 


±0% 

+39% 

-75% 

3 

CD 

r 

-2% 

+34% 

-100% 

25 

r 

+0% 

+28% 

-76% 

1 

c § 

■D 

+28% 

+39% 

-65% 

9 

D ^ 


+26% 

+37% 

-49% 

7 

E 

Q 

+29% 

-100% 

+ 16% 

4 

F § 

§ 

+20% 

-1% 

-4% 

12 


Fig 2 Summary of Results Obtained in Rats 
Sacrificed 20 Days after the Operative Procedure 
Indicated by the Diagrams 


A Partial occlusion of the left renal artery, 
with left nephrectomy This combined procedure 
y/zs of course a control These 14 rats were not 
expected to have hypertension and in fact did not 
The average heart weight was + 2 per cent of 


that predicted, while the right kidney presented 
the usual degree of compensatory hypertrophy 
(+38 per cent) In addition, three more rats 
(operated upon as in Experiment C) are included 
because m them the ligature was too tight, as a 
result the left kidney became necrotic (auto- 
nephrectomj ) 

B Partial occlusion of the aoria between the 
renal arteries, zmth left (distal) nephrectomy If 
the hypertension of coarctation of the aorta is to 
be explicable upon the basis of mechanical ob- 
struction, these rats should have hypertension 
On the contrary, the average heart weight of 25 
rats was 2 per cent less than predicted, and not a 
single rat had cardiac hypertrophy A possible 
objection is that the ligatures may have been too 
loose, the answers are (a) that these rats were 
operated upon alternately with those of Expen- 
ment D, in which hypertension occurred in one- 
third of the rats, and (&) in 6 rats of this senes 
the aorta became completely obstructed (pulsa- 
tions entirely absent) by intimal proliferation 
(Figure 3 shows the collateral circulation in such 
a rat) To these 25 rats may be added 1 from 
Experiment D in which the left kidney A\as com- 
pletely necrotic 

C Partial occlusion of the left renal artery 
This senes ^vas designed to demonstrate that a 
modification of the Goldblatt technique would 
produce hypertension in the rat That it does in 
fact do so IS shown by the cardiac hypertrophy in 
9 animals, as much as + 54 per cent and averag- 
ing + 28 per cent In these animals the left 
kidney atrophied ( — 65 per cent) with little or 
no necrosis 

D Partial occlusion of the aorta between the 
renal arteries In this experiment 7 rats had hy- 
pertension as evidenced by cardiac h)q)ertrophy 
averaging + 26 per cent (as high as + 37 per 
cent), and in these the left (distal) kidney at- 
rophied ( — 49 per cent) just as in Expenment C 

This IS a senes of rats operated upon alter- 
nately with those of Experiment B and at cractly 
the same site, hypertension occurred only when 
there zvas renal tissue distal to the obstruction, 
and only when this tissue was atrophic but not 
necrotic 

E Partial occlusion of the aorta behveen the 
renal arteries, zvith right (proximal) nephrectomy 
So far in these studies hypertension has been uni- 
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Fig 3 Roektgenociiam afthi IxntACAnniAc I'<jec 
TioN OF Opaque !^tATERIAL Showing the Cou-ateral 
C rectJLATioN iti A Konh\t£rtensi\x Rat (Left 
Nephrectomy (Zohplete Occlusion of Aorta Distu. 
TO Right Khjney ) 


In Expemnent C there Mere 6 rats and m D 16 
rats in which neither cardiac h}T)ertroph) nor left 
renal atroph) occcurrcd presumably, the ligatures 
m these instances were too loose to alter hydro- 
dynamics appreciably Likewase there were 23 
rats in Experiment E and 7 in F w ithout cardiac 
hjrpertrophy , the same explanation probably holds 
Such animals are therefore omitted from consid- 
eration since there is no evidence direct or in- 
direct of aortic or renal artery stenosis Since 
tliey serve as controls their pertinent -data are 
included m Tables IV to VII but averaged sep- 
arately In another 51 rats in which the ligature 
was too tight necrosis of tissue^ beyond it oc- 
curred m a few days, when tins occurred with 
the tie on the left renal artery the kidney became 
necrotic with the aorta tied the animal died 
The concentration of urea in the blood is nor- 
mal in coarctation. In the rats of Experiment F 
It varied from 306 to 389 mgm per cent, well 
within normal limits In those experiments in 
which unilateral nephrectomy wais done, the blood 

TABLE n 

ExpfnweHt 1 Partial occlusa^ft rmaj artery 

tct/A left nepP^'ert.'y^ 

| of kibrr, 

: { r j 
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TABLE HI 


ExpenmciU B Partial occlusion of the aorta between the 
renal arteries^ with left (distaf) nephrectomy 


Sci 

Bodv 

WcUht of heart 

W cbht of kldnc>*8 

Pre- 

dicted 

Ob- 

8C^^cd 

Dc\itt 
lion of 
ol)?er\*ed 
from pre- 
dicted 

Pre- 

dicted 

Rmht Hdnc\ 

I/dt kidncj 

0l>- 

jcrved 

Devin 
tlon of 
obfcr\cd 
frompr^ 
dieted 

OIh 

«T\Td 

Dc\1a 
lion of 
oliflcncd 
from pre- 
dicted 


QToma 

TTipm 

mom 

jxT emt 

■ ^ 

mpm 

mom 

per cfnt 

mom 

prr Cfnt 

M 

166 

590 

628 

“h 

6 

596 

744 

+25 



IVI 

170 

600 

630 

+ 

5 

606 

954 

+57 



r 

143* 

521 

545 

+ 

5 

509 

732 

+44 



F 

146 

529 

552 

+ 

4 

516 

672 

+30 




164 

585 

608 

-F 

4 

591 

834 

+41 



u 

180 

626 

646 

+ 

3 

631 

842 

+33 



M 

153 

556 

572 

+ 

3 

563 

786 

+40 



M 

184 

637 

645 

-F 

1 

641 

908 

+41 



M 

164* 

585 

582 

db 

0 

591 

872 

+48 



M 

138 

515 

517 

db 

0 

523 

694 

+33 



M 

184 ' 

637 

636 

db 

0 

641 

980 

+53 



M 

184 ! 

637 

634 

db 

0 

641 

870 

+36 



M 

164 1 

585 

580 

— 

1 

591 

848 

+43 



M 

140 

521 

514 

— 

1 

528 

660 

+25 



M 

170* 

600 ' 

587 ' 

— 

2 

606 

846 

+40 



M 

188 

648 ! 

632 1 

— 

2 

651 

1 894 

+37 



F 

108 

422 ' 

412 ! 

— 

2 

425 

537 

+26 

1 


U 

290* 

894 

860 1 

— 

4 

885 

1020 

+ 15 

1 


F 

138 

507 

486 

— 

4 

498 

1 592 

+ 19 


i 

M 

210* 

704 

672 

— 

5 

704 

1 952 

+35 



F 

152 

544 

510 

— 

8 

530 

764 

+44 



F 

122 

462 

422 

— 

9 

459 

580 

+26 



M 

154 

558 

506 

— 

9 

565 ' 

680' 

+20 



F 

122 

462 

414 

— 

10 

459 ' 

522' 

+ 14 



M 

122* 

470 

415 

-* 

12 

480 

604' 

+26 




Aver 

■age, : 

25 nl 

s — 

2 



+34 











(N 

ccroti 

c) 

M 

174 

610 

612 


0 

616 

786 

+28 

I ISO 

|-,6 


* Represents complete occlusion of nort'i 


urea concentrations of the hypertensive rats were 
40 3 to 50 0 mgni per cent, the usual values for 
nonhypertensive rats 20 clays after unilateral 
nephrectomy 

Proteinuria is not ordinarily present m coarcta- 
tion of the aorta Nor was it found m these 
hypertensive rats (average 1 3 mgm per day (fe- 
males), as compared to the controls of 1 1 mgm 
per day) 

DISCUSSION 

Partial occlusion of either the aorta or one 
renal artery in rats is followed by cardiac hyper- 
trophy only when there is living renal tissue be- 
yond the occlusion the left ventricle undergoes 
hypertrophy relative to the right, and other 
causes of cardiac hypertrophy are absent, under 


these conditions we feel justified in stating that 
such rats arc hypertensive Proteinuria does not 
occur and renal function is normal as judged by 
lilood urea concentration, just as in coarctation 
of the aorta The nutritional state of the animals 
is not impaired On the other hand, when renal 
tissue IS alisent distal to the occlusion, Inperten- 
sion docs not occur e\cn though blood must flow 
in the presence of the same degree of mechanical 
obstruction 

lust as the jiressurc head bc 3 ond the stenosis 
of the aortic isthmus is lower than that proximal 
to the stenosis so Blalock and Le\\ (18) ha\e 
shown that the pressure I)C}ond a partial occlu- 
sion of tlic renal artcr\ is lower (In SO per cent) 
than tlic general arterial pressure It is not 
known whether the important h}pertcnsi\e factor 
in interference with the renal blood supply is local 
Inj^otcnsion reduced pulse jiressurc, or reduced 
l)lood flow 

I he kidnc) hc\ond a partiall\ occluded renal 
artcr\ has often been spoken of as "ischemic” 
On the other hand Us function is said to be nor- 
mal If Van Shke c( al (19) arc correct in 
correlating renal function with blood flow, one or 


TAHI r i\ 

Il\pertmcni C Partial occlusion of the left renal arler\ 


Sev 

Bod\ 

weight 

Wcl lit of heart 

W f I ht of kidnej-s 

Pre 

dictcil 

OH- 

'»er^ed 

Dex-ia 
tinn of 
oi served 
from pre- 
dicteJ 

Pre- 

lictcil 

I e*"! kidncv 

Hi ht kidnev 

oi>. 

'^^f\cd 

Dc\ia 
tion of 
ol«T\Td 
frorai^ 
tfected 

OIh 

«cr^‘ed 

Dcna 
tlon of 
observed 
from 
dieted 


omma 

mpm 

mom 

per cent 

mgm 

mom 

per cent 

mjT’n 

per cent 

1 

180 

619 

955 

+ 54 

590 

135 

-77 

791 

+34 

r 

154 

549 

756 

+ 3S 

534 

180 

-67 

952 

+ /8 

r 

194 

654 

902 

+38 

619 

426 

-31 

740 

+20 

r 

122 

462 

591 

+ 28 

459 

126 

-73 

650 

+42 

r 

172 

598 

767 

+ 27 

573 

174 

-70 

856 

+50 

r 

1 174 

603 

730 

+21 

577 

182 

-69 

770 

+33 

r 

1 184 

629 

740 

+ 18 

598 

184 

-69 

835 

+40 

r 

1 254 

801 

940 

+ 17 

736 

338 

-54 

1000 

+36 

r 

196 

659 

742 

+ 13 

623 

162 

-74 

720 

+ 16 


A^ Cl 

ngc, 

9 rats 

+ 28 



j -65 


+39 

r 

228 ' 

739 1 

795 1 

+ 8 

687 

667 

- 3 

710 

+ 3 

r 

214 

704 

760 

+ 8 

659 

650 

- 1 

754 

+ 14 

r ' 

190 

644 

680 

+ 6 

611 

468 

-23 

675 

+ 10 

r ! 

162 

571 

588 1 

+ 3 

551 

514 

- 7 

668 

+21 

I' 

154 

549 

560 , 

+ 2 

534 

560 

+ 5 

594 

+11 

F 

170 

593 

584 1 

- 2 

569 

570 

± 0 

596 

+ 5 


A\ ei 

nge, 

6 rale 

1 + 4 


1 

1 

, “ ^ 


+n 
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TABLE V 

Experimeni D Partial ccdmion of the aorta hehoun the 
renal ofienes 


Bex 


Wdflit of be»i 

ofUdocTa 

Pr*- 

(SfiUd 

Ob- 

•emd 

frtiof 
pin ITd 
(rotQ pr®* 
dieted 

Pn- 

(fleted 

Left kidney 

RUbt Udney 

Ob. 

lerrad 

DtrU- 
tlon of 
obHTTfd 
frompe*- 
(fieted 

Ob- 

■rrvd 

Derfe- 

UoDof 

oloerTwl 

frompe*- 

(fictu 


mu 

9Cn, 


ftrcail 



per roil 


per (wnl 

M 

150 

548 

748 

+37 

555 

296 

-47 

774 

+40 

M 

132 

499 

655 

+31 

507 

128 

-65 

834 

+65 

M 

122 

470 

606 

+29 

480 

252 

-48 

608 

+27 

M 

122 

470 

606 

+29 

480 

396 

-17 

576 

+20 

M 

132 

499 

640 

+28 

507 

240 

-53 

698 

+38 

M 

320* 

962 

1130 

+17 

948 

514 

-46 

1240 

+31 

F 

204 

679 

762 

+ 12 

639 

196 

-69 

8^ 

+39 


Avcj 

■agCf 

7 rati 

+26 



-49 


+37 

M 

206 

694 

754 

+ 9 

694 

652 

- 6 

696 

± 0 

M 

194 

663 

725 

+ 9 

666 

665 

± 0 

692 

+ 4 

M 

202 

684 

738 

+ 8 

685 

666 

- 3 

744 

+ 8 

M 

180 

626 

673 

+ 7 

631 

598 

- 5 

622 

- 1 

M 

172 

605 

638 

+ 7 

611 

1 682 

+12 

700 

+ 15 

M 

170 

600 

634 

+ 6 

606 

i580 

- 4 

S72 

- 6 

M 

160 

574 

590 

+ 3 

580 

500 

-14 

544 

- 6 

M 

192 

658 

680 

+ 3 

661 

i 634 

- 4 

680 

+ 3 

M 

128 

487 

500 

+ 2 

496 

|437 

-12 

484 

- 2 

M 

176 

616 

630 

+ 2 

621 

602 

- 3 

615 

- 1 

M 

180 

626 

641 

+ 2 

631 

624 

- 1 

672 

+ 7 

M 

160 , 

574 

570 

± 0 

580 

548 

- 6 

574 

- 1 

M 

314 

949 

950 

± 0 

935 

890 

- 5 

970 

+ 4 

M 

292 ; 

899 

880 

- 2 

889 

772 

-13 

768 

-14 

M i 

320 1 

962 

940 

- 2 

948 

864 

- 9 

890 

— 6 

M 

305 

928 

1 

876 

- 6 

916 

872 

- S 

825 

-10 


Aver 

ag^ 1 

l6 rat 

B + 3 

1 


1 

- 4 

1 

■ 

± 0 


* Repreflcnta complete ocduaioo of aorta. 


the other of the above statements is incorrect 
Actually, neither renal blood flow nor renal func 
tion by ngid tests has ever been studied ade- 
quately under these conditions, Mason, Evers, 
and Blalock (20) have failed to demonstrate 
schemia using A-V oxygen differences In 
dogs with ureteral obstruction, renal blood flow 
is uniformly reduced but hypertension does not 
always occur (21), while in still another vanety 
of h 3 q>ertension (after subtotal nephrectomy) rats 
have normal renal blood flows (22) It seems 
probable that in the Goldblatt dog, renal flow is 
near the lower limit of normal as long as hyper- 
tension IS present 

Perhaps only the kidney, of all the tissues, has 
the power to raise general blood pressure when 
its blood supply suffers interference, Hartmann 
Prskov, and Rein (23) shmved that, in spite of 


pressor reflexes and adrenahn, renal blood flow 
remains constant although flow through the leg 
undergoes simultaneous wide fluctuations, they 
suggest that the kidneys may regulate the arcula- 
tion in the same sense as does the carobd sinus 
It is not dear whether this supposed regulatory 
action is explicable wholly on some metabolic 
process specific to renal tissue, or whether the 
pecuhanties of the arrangement (24) of the renal 
blood vessel are also mvolved The present ex- 
periments on rats do not show whether partial 
ocdusion of the aorta proximal to the celiac axis 
can cause hypertension of greater degree than 
distal ocdusion, nor has it been proved that hyper- 
tension does not follow narrowmg of the splanch 
me artenes 

Hypertension may he produced by partial oc- 
clusion of the blood supply of a completdy dener- 


TABLE VI 

Expenmeni EL Paritai cedunon of the aorta bettoeen the 
renal artenes, mth nfhi (proxtmaJ) nephrecUmy 


Bex 

Bodr 



Wdiht ol betrt 

WdcbtofWtkVlMT 

Pre- 

ifieud 

ot>. 

•emd 

DrrUtka of 
oboerred 
innapr®. 
dUfcfd 

Pr*. 

(Seted 

Ob- 

•erftd 

Derlxtloo of 
obMTted 
from pr«- 
dloUd 


mw 

•ffK. 

wtn* 

per ent 

•i?m- 


per ewt 

F 

117* 

448 

695 

+55 

447 

552 

+23 

M 

178 

621 

764 

f23 

626 

738 

+18 

M 

114* 

447 

534 

+20 

458 

494 

+ 8 

F 

119* 

454 

537 

+ 18 

452 

526 

+16 


A 

vcrflgf 

4 rat 

1 +29 



+ 16 

F 

140 

512 

561 

+10 

502 

615 

+22 

M 

166 

590 

642 

+ 9 

596 

759 

+27 

F 

112 

434 

463 

+ 8 

435 

546 

+25 

M 

116 

453 

482 

+ 6 

463 

614 

+33 

M 

200 

679 

714 

+ 5 

680 

813 

+20 

F 

126 

474 

500 

+ 5 

469 

556 

+18 

F 

144 

523 

546 

+ 4 

511 

612 

+20 

M 

136 

510 

530 

+ 4 

518 

702 

+36 

M 

168 

595 

618 

+ 4 

601 

702 

+17 

M 

177 

618 

640 

+ 3 

623 

882 

+42 

M 

198 

673 

688 

+ 2 

675 

90S 

+35 

M 

ISO 

548 

554 

+ 1 

555 

770 

+39 

M 

143 

529 

532 

+ 1 

536 

i 690 

+29 

M 

168 

595 

596 

dh 0 

601 

746 

+24 

M 

202 

684 

682 

± 0 

685 

, 850 

+24 

M 

190 

653 

644 

- 1 

656 

1 824 

+26 

M 

158 

569 

558 

- 2 

575 

1 763 

+33 

M 

93 

385 

378 

- 2 

397 

' 433 

+ 9 

M 

190 

653 

634 

- 3 

656 

; 815 

+24 

M 

196 

668 

643 

- 4 

670 

763 

+14 

M 

102 

412 

395 

- 4 

, 423 

494 

+17 

M 

134 

504 

478 

- 5 

1 513 

674 

+31 

M 

136 

510 

4S2 

- 5 

, 518 

694 

+34 


Av 

•crage 

23 rat 

» 

1 


+26 


* Represcnti complete ocdiujon of aorta 
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TABLE VII 

Experiment F Partial occlusion of the aorta above 
both kidneys 


Sex 

Body 

Weight of heart 

Wright of kidacyB 

Pro- 

dieted 

Ob- 

Bcmd 

Devia* 
tion of 
observed 
from prt5- 
dlolcd 

Pns 

dieted 

Left Iddncy 

Right kidney 

Ob- 

served 

Dcvla 
tlon of 
oboerved 
from pro- 
dieted 

Ob. 

served 

Devlo- 
tlon of 
oboerved 
from pro- 
dictw 


grami 

nffm 

mQTJX 

prr ccnl 

171^771 

mom 

pfT coil 


per rml 

M 

130 

493 

680 

-h38 

502 

502 

± 0 

480 

- 4 

M 

142 

526 

676 

-f28 

534 

568 

+ 6 

667 

+25 

M 

112 

442 

546 

+23 

452 

412 

- 9 

435 

- 4 

M 

172 

606 

736 

+21 

611 

568 

- 7 

544 

-11 

M 

122 

470 

568 

+21 

480 

475 

- 1 

510 

+ 6 

M 

114 

447 

536 

+20 

458 

414 

-10 

445 

- 3 

M 

158 

569 

666 

+ 17 

575 

604 

+ 5 

648 

+ 13 

M 

178* 

621 

726 

+17 

626 

540 

-14 

556 

-11 

M ! 

154 

558 

640 

+ 15 

565 

535 

- 5 

532 

- 6 

M ' 

162 

579 

666 

+ 15 

586 

568 

- 3 

570 

- 3 

M ' 

128 

487 

562 

+ 15 

496 

474 

- 4 

460 

- 7 

M ' 

160 

574 

657 

+ 14 

580 

562 

- 3 

546 

- 6 

1 

Aver 

1 

i 

age, 1 

j 

2 rati 

3 +20 



- 4 


- 1 

M i 

170 1 

600 

652 

+ 9 

606 

660 

+ ^ 

'660 

+ 9 

M 

178 

621 

670 

+ 8 

626 

552 

-12 

1 624 

1 ± 0 

M 

140 

521 

548 

+ 5 

528 

517 

- 2 

527 

± 0 

M 

175 

613 

638 

+ 3 

i618 

588 

, - 5 

604 

- 2 

M 

224 

738 

718 

- 3 

737 

670 

- 9 

693 

- 6 

M 

100 

406 

390 

- 4 

417 

[340 

-18 

350 


M 

1 

144 ' 

1 

532 

480 

-10 

539 

466 

-14 

474 

! -12 

1 

Avei 

^ge, ' 

7 rats 

+ 1 

1 

1 

1 

- 7 

1 


- 4 


* Represents complete occlusion of aorta 


vated kidney transplanted into the neck (18, 25) , 
all the afferent nerves being severed, some chemi- 
cal substance produced in the kidney must be in- 
volved If the hypertension of coarctation is also 
brought about, as we believe, by a substance de- 
rived from the kidney, then we must explain how 
It IS that this material increases peripheral re- 
sistance in the upper part of the body but allows 
a normal or even decreased resistance in the lower 
part This need not be a stumbling block, for 
the all important factor in determining blood flow 
to a given tissue is the metabolic requirements 
of the tissue itself Prinzmetal and Wilson (4) 
and Pickering (5) have demonstrated that when 
conditions m the arm tissues are such as to evoke 
hyperemia, then hyperemia occurs as adequately 
in hypertensive individuals as it does in normal 
subjects In fact, it may be calculated from their 
data that penpheral resistance in the reactive- 
hyperemic arm of either a h)q)ertensive or a nor- 
md subject is only 7 to 12 per cent as great as 


the resistance in the same subject under control 
conditions Since tissue needs for blood may re- 
duce local resistance in generalized h)q)ertension 
by 90 per cent, it becomes understandable that 
the resistance m the lower part of the body in 
coarctation may easily be reduced only as much 
as the usual 30 to SO per cent (as compared with 
the upper part of the body) 

The results of Pickcnng (5) show a similanty 
between patients with essential or chronic renal 
hypertension and those with coarctation of the 
aorta, while Prinzmetal and Wilson (4) found a 
difference The latter felt that the hypertension 
of coarctation was of vasomotor origin, in distinc- 
tion to the alleged peripheral origin of other vane- 
ties of hypertension (including that of acute 
glomerulonephritis in which Pickenng (26) af- 
firms a vasomotor origin) In view of such di- 
vergent opinions, and since local conditions (in- 
cluding the metabolites produced locally) act to 
maintain an adequate local blood flow as long as 
the cardiac output is normal and the artenal pres- 
sure not greatly lowered, it seems unwise to at- 
tempt to draw conclusions as to the site of action 
of the agent causing hypertension in man from 
data on blood flow in the arm 

Pickering's (5) explanation of the increased 
peripheral resistance in the upper body in coarcta- 
tion of the aorta was a supposed failure of gro^vth 
of that vascular bed, particularly the arteriolo- 
venous anastomoses, such an assumption lacks 
supporting evidence and is not necessary 

Blumgart ct al (11) found no difference in 
arteriolar pressure between the arms and legs in 
coarctation of the aorta This means only that 
the fall of pressure gradient occurred proximal to 
the site of measurement, since the method was 
an indirect one, the observation is of doubtful 
significance 

SUMMARY AND CONCLUSIONS 

A consideration of hydrodynamics indicates 
that the artenal hypertension which is present in 
the upper part of the body in coarctation of the 
aorta may not be explained upon the purely me- 
chanical grounds of obstruction to blood flow 
In this condition, there is an increased resistance 
m the smaller vessels (arterioles) which receive 
blood from the aorta proximal to the stenosis of 
Its isthmus The cause of this localized increased 
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resistance is the same as tlie cause of the general- 
ized increased resistance m a Goldblatt dog (with 
partially occluded renal artery) , that is, inter- 
ference with blood supply to the kidneys 
This conclusion is supported by the production 
of hypertension (cardiac hypertrophy) in rats by 
partial occlusion of the aorta proximal to one or 
both renal artenes With partial occlusion of 
the aorta between the renal artenes, hypertension 
occurs only when living renal tissue is present 
distal to the occlusion, after simultaneous distal 
nephrectomy, hypertension never occurs even 
though there exists the same degree of mechanical 
obstruction to blood flow offered by the stenosis 
and presence of a collateral bed 
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Earlier work from this laboratory (1) has 
shown that appreaable increases m blood volume 
occur in man following the injection intravenously 
of isotonic or hypertonic solutions of crystalloids 
in volumes of 500 to 1500 cc. It has been known 
for many years from studies m polycythemia vera 
(2, 3, 4, 5, 6, 7) that an abnormally large volume 
of arculatmg blood in itself causes no significant 
deviation from the normal in cardiovascular func- 
tion Studies of the effects on the cardiovascular 
dynamics of a rapid increase in blood volume, 
such as occurs as a result of the administration of 
large amounts of fluids intravenously are, how- 
ever, fragmentary In a few experiments Cohn- 
heim and Lichtheim (8), as long ago as 1877, 
noted a nse m both venous and arterial blood 
pressures m anesthetized dogs as a result of mas- 
sive mtravenous mfusions of physiological saline 
solution Subsequently other authors (9, 10, 11, 
12, 13) confirmed these findings Meek and 
Eystcr (11), Gollwitzer-Meier (12) and Onozaki 
(14) reported striking increases m the cardiac 
output of anesthetized animals following the rapid 
injection intravenously of large volumes of fluid 
Observations in man are lunited chiefly to studies 
of the pulse rate, and venous and arterial blood 
pressures (15, 16, 17, 18, 19) In the present 
work the effect of the intravenous administration 
of aystalloid solutions on the more important 
measurable cardiovascular functions in man have 
been studied 

MATERIAL AND METHODS 

Thirty five obscrvationi w'tre made on 34 subjects aged 
17 to 71 years twcnty-aix were males and eight females. 
Many of the patients studied were surgical cases ^\ho 
had had appcndcctotnics, herniorrhaphies, or pelvic re- 
pairs m these cases intravenous fluids were administered 
3 to 6 houri po 3 toperati\ cly Several of the subjects 


^ Presented In abstract form at the May 1937 meeting 
of the American Society for Clinical Investigation, 


were young convalescent male paUents from the medical 
wards these cases were essentially normal and agreed 
to receive mtravenous fluid for the purposes of study 
One patient was studied while rcccivmg hypertonic salme 
in the treatment of peripheral vascular disease studies 
were made in another patient who suffered from angina 
pectons and was receiving fluids intravenous 1> as an at 
tempted therapeutic measure (20) There were no evi 
deuces of cardiac decompensation, hypertension or of 
marked dehydration m any of the patients on whom ob- 
servations arc reported. The results obtained in the 
surgical patients and in the tmoperated group were the 
same all studies therefore arc treated as one group 
The minute volume output of the heart was measured 
by the method of Starr and Gamble (21) Studies of 
the cardiac output before and durmg the mtravenous in 
jcctions were made with the patient in the postabsorptive 
state and the scralrecumbent positiotu The respiratory 
minute volume, tidal air, and basal metabolic rate W'cre 
estimated in those patients on whom measurements of 
the cardiac output were made. The velocity of blood 
flow was estimated from the arm to tongue arculabon 
time, according to the method of WintemiU, Deutsefa and 
Bnill (22) The venous pressure was measured by the 
direct method of Moritz and von Tabora (23) The 
pulse wTia counted for thirty-second penods the respira 
tions for one mmute penods Measurements of arterial 
blood pressure were made by the auscultatory method 
with a mercury manometer and a standard arm cuff A 
small calibrated spirometer was utilized to measure vital 
capacity The effect of intravenous Injections on the 
plasma and blood volume were studied as described m a 
previous communication (1) The values for blood vol 
uroc changes reported here were obtained by calculation 
from the scrum proton hematoent and estimated control 
blood volumes before mjectlon and the protein and 
hematocrit values after mjectlon (Method A of our pre- 
vious paper (1)) Electrocardiographic tracings were 
talcen with a Hindlc string galvanometer The above 
measurements w^ere made at froiucnt mtervais during 
and after the injection of fluids m instances where the 
changes were not great only the changes from the control 
level to the level at the end of mjcction arc tabulated- 
In analyzing the results obtamed In this study changes 
of less than the following magnitudes were considered 
insignificant— venous pressure, 2 cm. water pulse rate, 
6 beats per mmute systobc and diastolic blood pressure, 

4 mm. Hg pulse pressure, 4 nmi. Hg velocity of blood 
flow, 10 per cent By the method utilized, the volume of 
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fluid delivered intravenously was measurable to within 
approximately SO ca 

In twenty-three studies a total of SOO to 1500 cc. of 
5 per cent solution of glucose in physiological saline was 
administered, nine subjects received 1000 to 1500 cc of 
physiological salme solution, two received 1000 to 1500 
cc of 5 per cent glucose in distilled water, one received 
500 cc, of a 3 per cent solution of saline. 

In most of the experiments venous pressures were 
measured, decholm was injected for measurements of pul- 
monary arculation time, and blood was drawn for he- 
matocrit and protein measurements by means of a three- 
way stopcock connected ^\nth the needle inserted in the 
arm vein utilized for delivery of the fluid When meas- 
urements were made before the total volume of fluid had 
been injected, the flow of fluid was stopped completely 
for two to three minutes for duplicate measurements of 
venous pressure and a single velocity measurement, after 
which fluid injection was resumed In some experiments 
the fluid was delivered m one arm and the antccubital 
vein of the other arm w as utilized for the above measure- 
ments Blood pressure readings during injection were 
obtained in those expenments where the vein of only one 
arm ^vas punctured. In calculating the average rate of 
mjection for a given volume of fluid, the total time 
elapsed between the begmning of injection and the end of 
injection of that volume, including in many instances one 
or two brief interruptions for venous pressure or \elocity 
measurements or blood sampling, was utilized 

RESULTS 

Pulse rate 

Significant changes in pulse rate occurred in 
14 of 33 studies (Table I) In eleven patients 
rises of from 6 to 18 beats per minute were 
found, in two others decreases of 6 beats per 
minute were observed The largest increases oc- 
curred m subjects receiving a liter or more of 
fluid, patients receiving hypertonic solutions ex- 
hibited a greater tendency toward acceleration of 
pulse tlian those receiving isotonic solutions 
Measurements of pulse rate made one-half hour 
after the end of the infusion in patients in whom 
rises occurred during injection revealed a tend- 
ency of the pulse rate to remain somewhat in- 
creased for this penod 

Artcrtal blood pressure 

Measurements of artenal blood pressure were 
made during thirty expenments (Table I) 

Significant increases in systolic blood pressure 
occurred in fifteen patients , in two cases the sys- 
tolic pressure decreased 


TABLE I 


Changes %n cardiovascular dynamta following the intravenous 
admtnislralton of fluids 
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Age 

Fluid Injected 
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A 
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A 
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10 

2 

-6 
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20 
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20 
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6 

0 
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6 
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-4 
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10 
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44 
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14 

8 

54 
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0 
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* Changes in blood volume have been calculated from 
the estimated control blood volume, the hematoent and 
plasma protein findings before injection, and the hemato- 
crit and protein values immediately after the injection of 
fluids according to Method A of our previous paper (1) 
t These figures represent plasma volume increases, 

X This study was made U\o days after the preceding one 
in this case 
§ Uremia 

ll A *= 5 per cent glucose in 0 85 per cent saline, 

B *= 0 85 per cent saline 
C “ 5 per cent glucose 
D >=* 3 per cent saline 

Fifteen patients exhibited clianges in diastolic 
blood pressure, six showing a nse and nine a fall 
The pulse pressure increased significantly in 
seventeen instances, decreased in two, and was 
unchanged in the remaining eleven cases studied 
Measurements of blood pressure made one-half 
hour after the end of injection in those patients 
whose pulse pressure showed an increase during 
the period of injection, revealed a tendency of the 
pulse pressure to remain increased for this penod 
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Venous pressure 

The venous pressure was normal before injec- 
tion of fluid m every subject During the injec- 
tion of fluid at a given rate the venous pressure 
mcrcascd as the amount of fluid mtroduced in- 
creased, so that the change after the introduction 
of 1000 cc« was on the average approximately 
twice as much as after the introduction of 500 
cc (Figure 2) 

Analysis of changes at the end of injection of 
500 to 600 cc, of fluid in thirty two experiments 
showed greater mcreases in venous pressure at 
faster rates of injection (Figure 1) In 17 of 
these studies the rate of mjeebon was below 40 
cc. per mmute, the changes m venous pressure 
were not appreciable with three exceptions (Fig- 
ure 1) On the other hand seven of the fifteen 
cases receiving flmds at rates of 40 cc, per minute 
or greater showed increases of venous pressure 



l^ots represent cases receiving 5 per cent glucose In 
theological lalme solotion crosses r^csent cases re- 
physiological saline solutioo or 5 per cent gbeose 
loltttion in distilled Vi-atcr 



Fic Z RiLATioirsHiP BcnviEw Imcbeasi rw Venods 
P aEssnuE Ajro Auouxr or Fluid Injected 

Solid Enei represent cases receiving 5 per cent glucose 
In physiological saline solution, broken lines represent 
cases recdring physiological salme solution or S per cent 
glucose lohrtioa m distilled water 

of 2*3 to 77 cm. of water after 500 to 600 cc. 
were injected. 

In several mstanccs m which 1000 cc. of fluid 
were injected the venous pressure increased to 
values above 12 cm. of water during the adminis 
trabon of fluid, m one subject a venous pressure 
of 197 an. of water was obtamed at the end of 
injecbon of 700 cc, of fluid at a rate of 64 cc 
per minute. 

The nae m venous pressure resulting from ^ 
intravenous admimstrabon of fluid depend^ 
a considerable d^ee upion the nature of ^ 
injected. For a given volume and rate of 
bon the venous pressure showed a 
increase more after hypertonic solut*^ 
cent glucose in 0 85 per cent sahntf) 

isotomc solubons (Table I, 

After ecssabon of mjeebon 
sure, if increased started ftm 

toward the level obtaimng before ^ ^ 
m the instances where the 
creased considerably, the 
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Fig 3 Rate of Fall of Venous Pressxjbe toward 
Control Le\^ after Termination of Injection of 
Fluids Intravenously 

Only those cases showing increases in venous pressure 
of 2 cm or more at the end of injection arc represented 

control figures in 10 to 25 minutes after the end 
of injection (Figure 3) 


Of fifteen patients whose velocity of blood flow 
was measured more than once during the course 
of injection, six showed a slower velocity of blood 
flow after receiving 1000 or 1500 cc of fluid than 
after receiving 500 or 1000 cc (Figure 5) In 
most of the other nine patients the maximum rate 
of increase in velocity of blood flow was observed 
during the injection of the first 500 cc of fluid, 
the curve of velocity increase against amount of 
fluid injected falling off as more fluid was in- 
jected (Figure 5) 

Cardiac output 

The effect of the intravenous injection of 400 
to 1000 cc of fluid on the cardiac minute volume 
output was measured in six patients (Table II) 
The rate of injection of fluid m these cases vaned 
from 11 to 36 cc per minute In three patients 
who showed no rise in venous pressure during the 
intravenous infusion the average increase in car- 
diac output per 100 cc of oxygen consumption 
was 10 per cent (Table II) The average in- 
crease in cardiac output in the three patients m 
whom nscs in venous pressure occurred Yvas ap- 
proximately 40 per cent The increases m venous 
pressure noted in these subjects wtis small (Table 
II) The increases in cardiac output in these 


Velocity of blood flozv 

The arm to tongue circulation time was meas- 
ured m 15 patients after 500 to 600 cc of fluid 
had been given intravenously Significant in- 
creases in velocity occurred in 10 instances » m 5 
instances the increases were 20 per cent or more 
(Figure 4) The greatest increases in velocity 
were observed in cases in which the fluid was 
administered at rates of injection of 20 to 45 cc 
per minute (Figure 5) 

A rough inverse relationship between nse in 
venous pressure and increase m velocity of blood 
flow through the lungs was found (Figure 4) 
Thus, four of nine patients who showed no appre- 
ciable increases in venous pressure after 500 to 
600 cc of fluid had been injected showed increases 
in blood velocity of 20 per cent or more, on the 
other hand only one of six patients who did show 
appreciable increases in venous pressure exhibited 
an increase in velocity of blood flow of this 
magnitude (Figure 4) 



Fig 4 Relationship between Changes in Veloc* 
m OF Blood Flow and in Venous Pressure after In* 
jEcnoN of 500 TO 600 ca of Fluid Intravenously 





EFFECT OF INTRAVENOUS FLUIDS ON CARDIO\ ASCULAR S\STEM 


405 



m OF Bloop Flow anp Volume of Fluld Injfctld in 
Subjects in Whom Repeated MnAsuREiiEvrs Were 
Made at Various Intervals during Injection 
The figures in ardes indicate the rate of injection. 

studies resulted entirely from increases m volume 
output per beat since the pulse rates remained 
unchanged 

The velocity of blood flow was measured m 
three of the patients in whom cardne output stud 
les were made In one instance the increase in 
vcloatv was proportional to the nse m cardiac 
output in the other two cases in which the fluids 
were administered at more rapid rites the per 
cent increase in \eloaty of blood flow wtis mark 
ediy less than the per cent increase m cardiac 

output 

The artcno\ euQUs ox>gcn difference was stnk 
mglj diminished m the patients m whom the 
largest increases in cardiac output occurred fesscr 
decreases were found in tlie other cases 

Respiratory dynamics 

The respiratory rate increased b\ more than 
two respirations per minute m onl\ two of twenl}- 
six studies 


TABLE n 

Changes tn cardtac ant put and related aspects oj the cxrculatwn 
dunni the tnjedton ofjiutds tnirarenously 



* The composition of the fluid administered to case 
G Hy was 3 per cent saline all other cases of this Table 
received 5 per cent glucose in physiological saline solution 
t The meaflUrement of blood volume m this case shou'cd 
an increase of 4S0 cc. after the injection of 500 cc, of fluid 
the \ailue here presented is estimated 

'Ihe other measurements of rcspimtorv dy- 
namics showed no consistent cliange The res 
pirator} minute yolumc wais measured in six 
cases In four cases it increased lictween 12 and 
43 per cent, it was unchanged in the other two 
Ihe tidal air was uncliangcd in three cases in- 
creased 40 per cent in one and decreased 20 per 
cent in two The Mini cap«acit> measured in 
four studies, showed no change 
In no instance did the patient yoluntcer the 
information tliat he wns short of breath, nor did 
direct questioning m several instances rc\cal the 
presence of dyspnea 

The oxygen consumption studied in six cases 
dunng fluid injection y\ns yoiriihle remaining iin 
clianged in two cases decreasing 19 per cent in 
one and increasing an ayerage of 25 per cent in 
three ca<ics Two of the patients m whom in 
creases occurred liccamc oby lously restless dunng 
the experiment 

Clccfrocardtogram 

Studies of tlic elect rocardiogram by means of 
continuous traangs during the injection of fluid 
y\crc made in ten jiaticnts who rccci\c<l 500 to 
1000 cc of fluid at rates of lietyNccn 23 and 71 
cc pur minute In flic instances no changes (K ✓ 
airrcd in the other fuc cases slight changes in 
the P or T wn\c, or m Iwlh were ohscr\cd The 
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size of the P wave in one or more Jeads increased 
in four instances, in one P* only was increased 
in t\vo others P and P^, and In the fourth P‘ 
and P* (Figure 6) Changes m the T wave m 
one or more leads occurred m four instances, m 
three of these changes in P wave were noted also 
In one case T* was increased, in a second and 
T* slightly increased, in a third decreased and 
m the fourth increased in size while T" and T* 
diminished Where changes occurred they were 
usually first observed when 400 to 700 cc, of fluid 
had been admunstered 

Four of the five patients whose electrocardio- 
grams showed changes received tlie injected fluids 
at rites ranging from 30 to 71 cc per minute 
Two of the four patients whose electrocardio- 
graphic studies were negative received the fluid 
at a rate of more than 30 cc. per minute 

In two cases where electrocardiographic trac 
mgs showed changes dunng mjection, tracings 
were repeated two to three hours after the end of 
the injection, at this latter time the traangs were 
essentially like those before injection 

DISCUSSION 

It has been shown m a previous paper (1) and 
in Table I above that when fluids are injected 
intravenously under the conditions of this study 
a considerable increase in blood volume occurs 
and that the blood volume may not return to the 
control level imtil two hours after the termina- 
tion of injection The observations of the present 
study desenbe the vanous factors concerned m the 
adaptation of the normal cardiovascular system 
to the increases in blood volume brought about 
by fluid injections intravenously 

When volumes of from 500 to 1500 cc, of fluid 
were mjected at slow rates (from 6 to 20 cc, per 
minute) there occurred appreciable increases in 
blood volume, as great as 1300 cc in one case, 
but very little change m pulse rate artcnal blood 
pressure, venous pressure and veloaty of blood 
flow On the other hand when fluid was ad- 
ministered at faster rates important changes in 
man> of the cardiov^ascular measurements were 
found 

When a liter or more of fluid ivas injected at 
rates greater than 20 cc, per minute the venous 
pressure gencrallj became significantly increased. 
Several investigators have demonstrated in the 


heart lung preparation and m the anesthetized 
intact animal that increase m venous pressure 
causes immediate increased output of the heart 
due to increased filling (9, 11, 24, 25 26, 27) 
In this investigation the cardiac output was meas 
ured in three instances in which the venous pres 
sure was increased from 1 0 to 3 1 cm winter by 
the injection of fluids intravenously In these 
experiments the cardiac output increased from 
25 to 54 per cent, the increase being accomplished 
through change in stroke volume. Presumably 
greater increases in minute volume output may 
have occurred in those cases showing greater in 
creases m venous pressure. The increased cardiac 
output found m this study closely accords wnth 
the findings in ammals of Meek and Cyster (11) 
Gollwitzer-Meier (12) and Onozaki (14) The 
results of GolIwitzer-Meier (12) and of Onozaki 
(14) m dogs and rabbits indicate that the cardiac 
output decreases to its control level within 15 to 
30 mmutes after cessation of injection 

The changes in veloaty of blood flow during 
injection of fluids were verj \ainable At moder 
ate rates of injection the velocity of blood flow 
usually increased appreaably, wnth more rapid 
rates and larger volumes of injection however 
the increase m the velocity of blood flow was 
considerably less than expected on the basis of 
the observed changes in cardiac output The fact 
that a longer time was consumed by the blood in 
traversing the pulmonary arcuit than that ex- 
pected with increased cardiac output indicates an 
increase in the total cross sectional diameter of 
the blood stream flowing through the lungs 
Stewart (28) has pointed out that the slower the 
pulmonary arculation time with a given cardiac 
output the greater the amount of blood m the 
lungs That widelj \airying volumes of blood 
may be accommodated m the lungs by vartuc of 
the elastiaty of the pulmonarj tissue has been 
suggested by Blumgart and Wass (29) E\a- 
dences of pulmonaiy engorgement sufficient to 
cause changes m vital capaatj, or respiratory 
dynamics were not found m our subjects dyspnea 
did not occur 

Ehinng the course of injection at moderate or 
more rapid rates the pulse pressure frequentiv 
increased progressn ely and the pulse liccame 
bounding A progressive and diffuse flush was 
observed m almost all the cases receiving 1000 to 
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1500 cc of fluid These findings demonstrate 
penpheral vasodilatation following administration 
of fluids intravenously The aforementioned ac- 
cumulation of fluid in the veins, as indicated by 
increase in venous pressure, and in the lungs, as 
indicated by the measurements of velocity of 
blood flow, when fluid is injected rapidly or m 
large volume must be regarded as owing to failure 
of the peripheral vascular bed to dilate sufficiently 
rapidly to accommodate the increased blood vol- 
ume That this lag in peripheral accommodation 
occasions the increase m venous pressure observed 
under these conditions is evidenced by the obser- 
vations that (1) blood volume may be increased 
more slowly to similar or greater levels without 
significant rises in venous pressure, and (2) when 
venous pressure does increase during rapid injec- 
tions it returns to normal promptly after cessa- 
tion of injection, although the blood volume re- 
mains increased Peripheral vasodilatation is, 
therefore, presumably the important factor in the 
final adaptation of the cardiovascular system to 
increased blood volume after intravenous in- 
fusions 

In general, somewhat greater changes in the 
blood volume and in the cardiovasular dynamics 
were observed during injection of the solution 
containing 5 per cent glucose m physiological 
saline than when the isotonic solutions, plain physi- 
ological saline, or 5 per cent glucose in distilled 
water, were injected When solutions more hy- 
pertonic than 5 per cent glucose in physiological 
saline are injected intravenously for therapeutic 
purposes, the amounts given are usually small in 
volume The changes in blood volume and 
cardiovascular djmamics from such injections 
would, therefore, not be expected to be as great 
as many of the changes observed in this study 
Gibson and Evans demonstrated an increase in 
blood volume of approximately 200 cc dunng 
the first few minutes after the intravenous in- 
jection of 50 cc of 50 per cent glucose m saline 
(30) 

The findings of elevated venous pressure and 
evidence of increased pulmonary blood volume 
in cases of this study are not interpreted as evi- 
dences of cardiac msuffiaency The increases in 
cardiac output when fluids were injected rapidly 
were much greater than necessary to take up the 
increased fluid being delivered to the nght heart , 


increases in venous pressure and pulmonary blood 
volume, therefore, are not attributable to stasis 
resulting from myocardial insufficiency Further, 
a much decreased arteriovenous oxygen difference 
was found in subjects of this study with increases 
in venous pressure and in blood volume following 
intravenous infusions This is in contrast to the 
increased arteriovenous oxygen difference and 
elevated venous pressure resulting from decreased 
cardiac output in patients with congestive failure. 
The finding of an increase in size of the P wave 
in the electrocardiogram (Figure 6) is interpreted 
as owing to increased elcctncal activity of the 
auricles, indicating increased work (31), probably 
a result of increased filling Changes m T wave, 
though found as frequently as those m P wave, 
were too variable in nature and degree to be 
amenable to interpretation 
The results of this study and the interpretation 
placed on the findings describe the sequence of 
changes in cardiovascular djmamics after intra- 
venous infusions of 500 to 1500 cc of crystalloid 
solutions in normal subjects As fluids are in- 
jected, there occurs a progressive increase in 
blood volume accompanied by a tendency toward 
increase m intravascular pressure Peripheral 
capillary vasodilatation inten^cnes, and when the 
rate of an injection is slow this mechanism ac- 
commodates the increased intra\"ascular fluid vol- 
ume to such an extent that other changes in cardi- 
ovascular status ire not observable On the other 
hand, dunng the injection of fluids at faster rates, 
increases m the volume of the artenal, venous, 
and pulmonary portions of the circulation become 
manifest Within a short period followng ter- 
mination of these faster injections the venous 
pressure decreases in spite of persistent increase 
m the blood volume, indicating in these instances, 
also, final accommodation of the increased blood 
volume through capillary dilatation In our pre- 
vious communication, it was shown that the blood 
volume returns to normal within approximately 
two hours after intravenous infusions as adminis- 
tered in this study (1) Increases in venous pres- 
sure result m increases m cardiac output which 
persist apparently for a period corresponding wth 
the duration of the increase m venous pressure 
Changes in cardiovascular function resulting 
from rapid intravenous infusions resemble m 
many ways the abnormalities in cardiovascular 
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dynamics owing to artcnovenous aneurysm In 
both conditions, there is dehvery of blood in in- 
creased volume and under increased pressure to 
the heart, with a consequent nse m cardiac out- 
put (32) The occurrence of myocardial insuf- 
ficiency resulting from continued increase in the 
work of the heart m patients with artenovenous 
aneurysm is well k^o^vn 

The occurrence in elderly or cardiac patients of 
pulmonary edema and of angina pectons as a 
result of the admimstration of flmds intravenously 
18 not rare (33) It is probable that the increased 
cardiac work resulting from intravenous mfusions 
IS the principal cause of the development of these 
comphcations m patients with a damaged myo- 
cardium An additional factor favonng the de- 
velopment of pulmonary edema is the increase in 
the volume of blood in the lungs which occurs 
dunng the intravenous admimstration of large 
volumes of fluids In patients with rajmcardial 
insuffiaency and penpheral vasodilatation (34) 
assoaated with increased blood volume (35) rises 
In venous pressure and mcreases in the amount 
of blood in the lungs would presumably occur 
after smaller or slower intrav cnous infusions than 
those which produce these changes in normal sub 
jects (11) Richards et al (19) elaborating on 
Caughey*s (17) earlier work observed a decrease 
m vital capacity, slowing of pulmonary circula- 
tion time, and onset of dyspnea dunng rapid m 
travenous mfusions in some cardiac patients 
These authors also noted an abnormally great and 
prolonged nse in venous pressure following the 
injection of 1500 cc. of normal saline at a rate 
of approximately 50 cc per minute in patients 
with heart disease. 

Intravenous mfusions which continue for a pe- 
nod of several days impose conditions favonng 
the development of edema both penpheral and 
pulmonary, even Ihough in such cases the fluid is 
given at very slow rates The lowcrmg of the 
plasma protein level due to plasma dilution, vaso- 
dilatation due to increased blood volume and the 
tendency toward increased venous pressure, by op- 
erating together o\er a penod of days, may result 
m climcally perceptible edema (36) 

The state of the cardiovTiscuIar system after 
the rapid mjcction of fluid intravenously is quite 
the opposite of that ohtaimng in shock After 
intravenous mjeettons, there are observed m 


creased blood volume, increased penpheral venous 
pressure, tendency toward increased systolic blood 
pressure, decreased arteriovenous oxygen differ- 
ence flushmg of the skin and bounding pulse , m 
shock, on the other hand, there occur decreased 
blood volume, collapse of penpheral veins, reduc- 
tion of systohe blood pressure, increased arteno 
venous oxygen difference, pallor and thready 
pulse. 

Certain imphcations of the foregomg discussion 
are suggested m regard to therapeutics When 
It IS necessary to administer fluids intravenously 
to elderly, debihtated, or cardiac patients, the fluid 
injected should be isotomc, in small volume, and 
injected slowly, ie, at rates under 15 cc. per 
mmute. On the other hand, m the treatment of 
incipient shock when blood transfusion is not im 
mediately available the crystalloid solution to be 
given intravenously should be hypertonic, in large 
volume, and injected rapidly, i c , at rates over 
30 cc per minute, 

SUMMARY AND CONCLUSIONS 

1 The effects of the intravenous injection of 
isotonic and of shghtly hypertonic crystalloid 
solutions on the venous pressure pulse rate, ar- 
tenal pressure, cardiac output, vcloaty of blood 
flow, respiratory dynamics, electrocardiogram and 
blood volume of normal man have been studied 

2 When 500 to 1500 cc, of physiological saline, 
5 per cent glucose or 5 per cent glucose m physi- 
ological saline solutions, were injected at rates of 
less than 20 cc, per minute, very slight changes 
were observed in the cardiovascular functions 
studied, the blood volume \s'as usually consider- 
ably increased 

3 When these volumes of fluid were injected 
at more rapid rates considerable increases m 
venous pressure, cardiac output, vcloaty of blood 
flow, and in blood volume were usually observed, 
increases m pulse rate, pulse pressure, and m the 
P wave of the electrocardiogram were observed 
m some instances 

4 The greater venous pressure increases oc 

curred m subjects who rccei\ed fluids m the larger 
\olumes and at the more rapid rates The venous 
pressure invanablj returned to the control level 
within 10 to 25 minutes after the J 

administration 

5 Significant increases m wi 
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curred in patients in whom the intravenous injec- 
tion of fluids resulted m rises in venous pressure 

6 When fluids were injected m larger volume 
and at more rapid rates the increase m velocity 
of blood flow was considcralily less than that ex- 
pected from changes in the cardiac output In 
some instances the increase m velocity of blood 
flow was greater after the injection of 500 cc of 
fluid than after 1000 or 1500 cc These findings 
are interpreted as indicating an increase in pul- 
monary blood volume during injection Dyspnea 
did not occur, and changes in respiratory dynamics 
Mere not observed 

7 The fact tliat rises in venous pressure did 
not persist, or even did not occur, in spite of 
increased blood volume, together with the obser- 
vation of increasing diffuse flush of the skin, 
point to a progressive peripheral \asodilatation 
during the course of injection of fluids Addi- 
tional evidence m this regard is the tendency to- 
ward increased pulse pressure observed m some 
subjects 

8 The clinical implications of these findings 
have been discussed 
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Much attention has been given in the past to 
the study of changes in the blood produced by 
heraorrhage. Considerably less study has been 
devoted to changes in body fluid resulting from 
ether anesthesia though such findings as elevation 
of blood sugar, increase in hydrogen ion concen- 
tration of the blood, and reduction in plasma bi- 
carbonate, have been well established The present 
work presents measurements of changes m quan- 
tity as well as concentration, of certain compo- 
nents of body fluid as found m 16 patients sub- 
jected to the traumatizing factors of major surgi- 
cal operations and to ether anesthesia. The time 
chosen for obtainmg data to compare with the 
preoperative normal values was just at the end 
of operation, while the patient was still anes- 
thetized None of the patients studied showed 
evidence of more than mild shock or anoTemia 
during the study penod 

UETHons 

On the morning of operabon before admimstrabon of 
preanesthebe drug* the faabng pabent was weighed 
Dctcrralnabons were then made of plasma volume, body 
0uid ‘available for solubon of thiocyanate (1), hem- 
atocrit, plasma protem lerum protein and serum aibu 
mm In addition, serum nemprotem mtrogen and icrum 
sodium potassium, chloride, and bicarbonate were meas 
ured. These determinations were repeated at the end of 
operation while the patient was still anesthetized and be- 
fore parenteral fluid had been given. In most instances 
blood loss during operabon was measured using the 
method of Gatch and Little (2) 

Plasma volume was determmed by the technic devel 
oped by Gregersen and his coworkers (3) using the bloc 
d>c T-1824 the scrum concentrations bemg measured 
spcctrophotoractncally Hematocrit readings were made 
by adding 4 cc. of blood to 1 cc. of 1 1 per cent sodium 
oxalate and ccntnfugmg hi hematocrit tubes until no 
further change m the reading occurred prccaubons 
against loss of carbon dioxide being taken. Scrum so- 
dium was detenmned by the gnmmetne method of But- 


^This work w’as made possible by grants from the 
William F Milton Fund Harvard Univcrsitj and the 
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ler and TuthiJl (5) serum potassium by Fiskes modified 
cobaltmitnte method in which potassium Is rcprcapitated 
as potassium aad tartrate (6) serum chloride by \Vfl 3 on 
and Balls method (7) carbon dioxide content of the 
serum according to Van Slyke and Sendroy (8) total 
mtrogen by macro-KjcIdahl (9) on both oxalated plasma 
and serum nonprotein nitrogen of scrum by micro-digcs 
bon and ncsslenzabon. Serum albumin v.'as determmed 
by the sodhnn sulfate method of Howe (10) From the 
total protein of the scrum and the scrum albumm col 
loid osmobc pressure was calculated, using the nomo 
graphic formula of Wells, Youmans and Miller (11) 
Oxygen capaaty was determined on heparinized venous 
blood drawn without stasis and equilibrated with room 
air at room temperature (17) 

^Vhole blood volume was calculated from plasma vol 
ume and hematocrit The validity of this calculabon 
rests on the quesfaonable assumption that the cell plasma 
rabo of venous blood is the same as that of blood in the 
capillary bed. It is probable that the capillary bed is 
relabvclv nchcr In plasma than is venous blood owing 
to axial streaming ” of cells m the capillary flow (18) 
The computabon is made, however in view of the pos 
sible comparabve significance of figures obtained m the 
same individual In a short period. Total hemoglobin is 
computed from oxygen capacity and whole blood volume. 

Body fluid available for solution of thnxyanate tenta 
tively taken as cxtracellnlar fluid and corapnsmg water 
of mtcrsbtial fluid, plasma, and red blood cells but not of 
cerebrospinal fluid, was measured by a modificabon Greg- 
ersen and Stewart (4) have made m the original technic 
of Crandall and Anderson (1) In this improved method 
the same sample of serum Is used for spectrophotometne 
measurement of both the blue dye, T-'1K24 of the plasma 
volume method and the thiocyanate. Sodium thiocyanate 
IS rajected intravenously and a disappearance curve is 
constructed by detcrminmg the plasma level at ten numrtc 
intervals suhscqncntly The point at which the curve 
flattens out, usually reached in 20 to 30 minutes is taken 
as the concentration m extracellular fluids after diffusion 
cqullibnum has been established. In accordance with (he 
suggesbon of I.avietc3 Bourdillon, and Klmghoffcr (13) 
correebon is made for the slightly higher concentration 
of thiocyanate m scrum than m transudate fluids The 
mtcrstitial fluid values given m the table arc computed by 
the following formula 

Intcrsblial fluid *= 

thiocyanate injected — * 

(serum 

100/110 X scrum 
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TABLE I 

Percentile cliange given under tntiial preoperative value Interstitial fluid volume calculated as fluid available for solution of thiocyanate minus whole blood volume 
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EFFECT OF OFERATION ON BLOOD AND INTERSTITIAL FLUID 
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It « probably of little practical importance that such a 
calculation ignores the fact that concentration of thio- 
cyanate by volume is lower in red blood cells than in 
plasma owing to the lower water content of the cells, and 
that thiocyanate is excluded from cerebrospinal fluid. 

DISCUSSION 

The measurements obtained in this study are 
given m Table I In each instance the preopera- 
tive value IS recorded and below it the percentile 
change from this value obtained from a measure- 
ment taken at the end of the penod of operation 
and anesthesia. An outstanding fact desenbed 
by these data is a considerable, and in several 
mstanccs quite large, reduction of the volume 
of the blood without appreciable change m the 
physical or chemical character of the blood. In 
seven of the subjects, the reduction of total vol- 
ume was more than 20 per cent, and the average 
for the senes was 13 4 per cent Hematoent 
values were, however, found to be approximately 
normal and the structurally important components 
of blood plasma, namely protem sodium, and 
chlonde, were found to be accurately sustained 
The stability of these concentration values makes 
It clear that the reduction of blood volume is not 
the result of a process of dehydration. In other 
words, blood volume is reduced in toto and not 
by withdrawal of water This reduction m most 
instances ts, as may be seen in Table I, of much 
larger extent than is accounted for by the directly 
measured loss of blood caused by the operation 
Smcc this finding rests on the dye method of 
measurement it suggests that the quantity of ac- 
tively arcilating blood is reduced by a shunting 
of blood ilito some compartment of the vascular 
system whuh the dye does not rapidly enter The 
reduction of blood volume was in most instances 
in this senes much larger than McAllister and 
Gregersen 112) found m dogs as a result of 
ethenzation lor 1 to 2 hours This \%ould be ex- 
pected smcc to the effect of ethenzation is added 
a direct loss of blood and also the possibly con- 
tributing effect of tissue trauma. 

The measurements of mtcrstitial fluid \olame 
obtained by the thiocyanate method describe a 
surpnsmg and rclatnci) large increase. The 
situation under study *3 whidi defiat in 

total body water must inevitabl> develop Water 
released b> metabolic processes will fall far short 
of water expenditure |by the Kmgs, skin, and kid- 


neys This increase in interstitial fluid volume is 
of much greater extent than change in plasma 
volume and is in the opposite direction In view 
of the increase m volume of interstitial fluid indi 
cated by the thiocyanate measurement one should 
cxjiect either a reduction m the extracelluhr ions 
sodium and chlonde, or else an increase in the 
extracellular concentration of the dominantly 
mtracellular ion potassium Ncitlicr condition is 
present Therefore the apparent increase in in 
terstitial fluid is open to question, since there is 
no reason to suppose there has occurred an un 
even distribution of ions between plasma and in 
terstitial fluid beyond the relatively slight dispro 
portion explicable on the Gibbs Donnan theory 
Nevertheless, the increase in interstitial fluid is 
so constant and large it deserves to be recorded 
It IS possible that in ether anesthesia the accessi- 
bility of certain fluid compartments such as the 
intrathecal spaces, to the thiocyanate ion is in- 
creased 

Other measurements recorded in Table I may 
be mentioned briefly The scrum bicarbonate val- 
ues show the quite well known moderate reduc- 
tion The concentration of potassium \vris found 
to fall considerably We have no explanation to 
offer for this event, although m previous studies 
(14) increase of urinary potassium during opera 
bon and anesthesia has been found Lowering 
of serum potassium concentration has been re- 
ported m dogs following experimental hemor- 
rhage without anesthesia (15) and m dogs and 
guinea pigs following experimental ethenzation 
(16) The approximately normal scrum non- 
protcin nitrogen is not surprising According to 
the evidence of the measurements of oxygen ca- 
paaty there is no appreaablc disturbance of 
hemoglobin concentration 

In considenng these data one cannot but be 
struck by the extr aordinary way in which the 
compostbon of the blood is stabilized, despite 
large \olumc changes due to such stresses on the 
fiomeostabc mechanisms as hemorrhage, cthenza- 
bon increased fluid loss through skin and lungs, 
and shifbng changes in blood flow and cardiac 
output 

SUMMARY 

In 16 patients undergoing major surgical op- 
crabon under ether anesthesia 4 ^ 
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hours, changes m plasma volume and interstitial 
fluid volume were studied In 13 of these cases 
blood loss at operation was measured 

Changes in hematocrit, oxygen capacity of 
venous blood, plasma protein, and colloid osmotic 
pressure of plasma protein were determined 
Alterations in serum potassium, sodium, chlo- 
ride, bicarbonate, and nonprotem nitrogen were 
measured 

From plasma volume, hematocrit, oxygen ca- 
pacity and plasma protein were calculatecf blood 
volume, total circulating hemoglobin, and total 
circulating plasma protein before and after 
operation 


CONCLUSIONS 

1 The trauma of surgical operation and ether 
anesthesia lowers plasma volume as determined 
by Gregersen's dye method, and increases inter- 
stitial fluid volume, as measured by the thiocy- 
anate technic 

2 The reduction in plasma volume may be 
much greater than can be accounted for by 
hemorrhage 

3 Concentrations of scrum potassium and bi- 
carbonate are significantly reduced 

4 The tenacity with which concentrations of 
hemoglobin, and plasma protein, sodium, and chlo- 
ride are held constant m the blood despite large 
volume changes is brought out 

5 The fallacy of assuming a quantitative rela- 
tionship between changes in concentration of 
hemoglobin or plasma protein and changes m 
plasma volume is brought out 

The authors wish to thank Dr jnmes L Gamble for 
helpful criticism in the preparation of this paper 
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OBSERVATIONS ON THE BLOOD OF WOROIEN EXPOSED TO 
HIGH TEMPERATURES ^ * 
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The morbidity ansing from exposure of work- 
men to excessively high environmental tempera 
hires IS an old problem, extended and accentuated 
by the development of modem industry Eco- 
nomic and humanitanan motives have combined, 
in recent years, to stimulate mvestigation of the 
vanous clmical entities grouped under the general 
term " heat sickness ” Of the many contnbutions 
on this problem, those of Hall and Wakefield (1), 
Bock and Dili (2), Talbott and Michelsen (3), 
Heilman and Montgomery (4), and Talbott (5) 
are particularly enlightemng The last author 
supphes an extensive bibhography Both chmeal 
and laboratory studies point to derangement of 
salt, sugar, and water metabolirm as possible fac- 
tors m the production of heat sickness 
The present study amphfies the observations of 
Heilman and Montgomery (4) on the blood of 
steel workers The blood findings of a control 
group were compared with those of patients ex- 
hibiting symptoms due to heat Some techmeal 
modifications and additional observations necessi- 
tated an entirely new control senes The work 
occupied the summer months of 1936 and 1937 

[ATEWAL AND FEOCEDimE 

oup consisted of 43 workmen 
involved daily exposure to con- 
ch heat sickness is likely to de- 
icts were aged 26 to 58 years, 
41 years Tlie average height 
h extremes at 64 and 75 inches 
from 125 to 234 pounds, aver- 
pounds The controls were, at 
unation, chmcally free of any 

1 xvaj Rtipported by a. grant from the 
School of Medicine, Um^ersity of 

and laboratory faciliticj v^cre pro- 
ten j Steel Oirapany Bracken ridge 
; patients were supplied by the Qair- 
(imegle-Illmois Steel Corporation 


symptoms attnbutablc to heat No restnetions as 
to diet or fluid intake \\ ere imposed, smee average 
working conditions \\ere desired Blood samples 
were drawm, m each instance, before tiie subjects 
reported for work and at the end of an eight-hour 
shift The post-work samples \\erc used for 
companson with blood findings in victims of heat 
sickness 

The group of patients compnsed 30 workmicn 
admitted to the Emergency Hospital for relief of 
heat symptoms These patients were classified 
chmcally as victims of heat cramps (17 cases), 
heat exhaustion (6 cases), and heat retention or 
** stroke ^ (7 cases) The entena for such classi 
fication are outlmed by Heilman and Montgomery 
(4) Blood samples were obtained from the pa 
tients prior to treatment and studied in the same 
manner as those of controls In addition, control 
samples were obtained from 16 of the patients 
when they were symptom free* 

measurements and methods 
The follouing measurements \\ ere made, chiefly 
on samples of venous blood defibnnated by gentle 
stimng Great care was exerased to avoid rough 
treatment during defibrmation In all cases, the 
blood after defibnnation retained its venous hue 
Red and white cell counts ^vcrc made m dupli- 
cate or tnpheate, the most consistent results being 
averaged. 

Hemoglobin concentration wns estimated in the 
majority of instances bj tlic Hadcn Hausscr ap- 
paratus (dimcal model) In some cases, tlie 
Sahli instrument was employed All values were 
expressed as grams of hemoglobin per 100 co of 
blood 

Percentage volume of red cells uus measured 
on undiluted blood by means of a power hemato- 
ent, dn\xn at high speed until the columns of 
sediment showed no further shnnkage 
Spcaftc gravity w‘as measured b) Gutl 
modification of the Barbour and Hamflt 
ing-drop method (7) < 
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afternoon determinations were more widely dis- 
tributed than the morning, the averages for the 
two senes were almost identical In addition, 
55 8 per cent of the controls showed changes less 
than 10 mgm per 100 cc over the eight-hour pe- 
riod, while 27 9 per cent showed increase and 16 3 
per cent decrease beyond this limit The maxi- 
mum changes were plus 45 and minus 44 mgm 
per 100 cc , and the averages were plus 12 and 
minus 10 mgm per 100 cc Eighty-six per cent 
of the subjects showed changes between plus and 
minus 20 mgm per 100 cc 

Plasma carbon dxoxidc combining power Car- 
bon dioxide capacity of plasma was studied m 
only 8 control subjects Although no abnormal 
values were obtained, the results suggested mod- 
erate depletion of alkali reserve over the work- 
period in 62 5 per cent of the subjects 

Scrum calcium Observations on serum cal- 
cium in 8 control subjects covered identical ranges 
and yielded identical averages in morning and af- 
ternoon senes The maximum change noted was 
an increase of 0 2 mgm per 100 cc in one case 
The consistency of the results led to early aban- 
donment of this determination 

Sitmmaiy of control scitcs 

The blood findings among the control subjects 
(were within normal limits The outstanding 
changes over an eight-hour work-penod were 
(a) increase in specific gravity of blood in about 
half the subjects, (fc) increase in serum specific 
gravity in about three-fourths of the subjects, 
(c) decrease in blood sugar m nearly 60 per cent 
of the subjects A majonty of the controls 
showed no significant change in red cell count, 
volume of red cells, color index, volume index, or 
serum chloride 

II The blood in heat sickness 

The blood findings in victims of heat sickness 
will be discussed according to the clinical diag- 
nosis Table III summanzes the averages in this 
manner, and allows comparison wth the after- 
noon control averages Table IV shows the di- 
rection of blood changes between the symptom- 
free and morbid state m those patients upon 
whom control studies were made Table V gives 
values from an example of eacli clinical type of 
heat disorder 


TABLE in 

Comparison of averages \n controls and victims of 
heat sickness * 


Obeemtion 

Controls 
(PM) ' 

Patient* 

^ 1 

Crampe | 

1 

Exhaostioo 

Retention 


ff j 

i 


1 

c 1 


e 

Red cells (miJJton* jvr eu. 

1 


1 


1 

j 



mm,) 

5.232 

044 

5000 

000 

5 700 

101 

5 000 

0.22 

HmogloHn (promi per 100 



1 







UJS 

1 13 

15 5 

105 

14 6 

0.57 

14,8 j 

046 

Volume of red cells (per 









cent) 

457 

2M 

62,1 

663 

480 

1.83 

467 

lj25 

Color Index 

101 

000 

096 

009 

005 

013 

107. 

000 

Volume index 

0 90 

OOS 

0J)9 

007 

099 

012 

1,04 

006 

Specific RTOvity of Wood 

1055 

0 003 

1063 

0 005 

lOGO 

OOW 

1057 

0 001 

Specific emvity of ecmm 

1020 

0003 

103Ij 

0 007 

L030 

0 005 

1027 

0 002 

V hite Cells (fAoutonifi per 









mm ) 

7.80 

IM 

11,27 

2,10 

6.85 

218 

1 8J6 

1,89 

Blood BU^^ar (mom per 100 









ec) 

78 6 

lU 

07 5 

24,8 

636 


1000 


Serum chloride (merm Cl 









irr fOOcc) 

381 6 

16.6 

325.3 

657 

3S06 

356 

406 7 

22.6 

rioraja COi capacity (wl 









umri per crnl) 

67.8 


57,3 


410 


1 62di 



* The symbol sigma refers to standard deviation 


Heat cramps The highest individual %’alues 
and the highest averages for red cell count, hemo- 
globin, hematoent, white cell count, and speafic 
gravity of blood and serum occurred among vic- 
tims of heat cramps Averages for all these de- 
terminations were distinctly higher among cramp 
victims than among controls (Table III) In 
general, the indnndual ralues for these measure- 
ments were distnbutcd in the upper half to tn^o- 
thirds of the control range, nith 17 to 41 per cent 
of values above this range and none below it 
Among 7 patients with cramps upon whom con- 
trol tests were made, 4 to 6 show ed, dunng symp- 
toms, an increase in tlie blood constituents under 
discussion (Table IV) These results indicate 
the frequent occurrence of some degree of blood 
concentration among 'vactims of heat cramps 
They indicate further that such concentration 
need not produce blood findings of abnormal diar- 
acter 

Blood sugar dunng cramps ranged from 44 to 
168 mgm per 100 cc , tlie extremes for all pa- 
tients, regardless of type The average was con- 
siderably higher among cases with cramps tlian 
among controls, but 72 per cent of the determina- 
tions were m the control range All of the pa- 
tients who served also as controls showed an in- 
crease of blood sugar dunng symptoms, but the 
changes were small 

Of the chemical measurements, serum chlonde 
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TABLE tv 



DUcoodt 

OfaerTtdon 

Imtesoed 
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proved most significant Not only was the aver- 
age distinctly lower among cramp patients than 
among controls, but 88 per cent of the patients 
showed values below the control average, and 35 
per cent were below the lowest control figure ob- 
tamcd Of 7 patients who were studied also as 
controls, 6 showed durmg symptoms, a decrease 
m serum chloride exceeding 18 mgim per 100 cc,, 
the maximum decrease being 157 mgru It is ap- 
parent, therefore, that partial chlonde depletion 
of the blood frequently accompanies heat cramps 
However, there is no doubt that cramps of some 
seventy may occur witli a nonnal serum chlonde 
The serum chlonde level need not reflect accu- 
rately the state of tissue chlondes 
Heat exhaustion Among patients wnth heat 
exhaustion, the averages for red cell count hema- 
toent, specific gravity of blood, and spcafic grav- 
ity of serum were sigmficmtly higher than the 
corresponding control averages The range oc- 
cupied hy the individual values vtls similar to that 
already described for heat cramps that is the re 
suits m general paralleled the upper tut) thirds of 
the control range. Values greatly exceeding the 
control range u ere exceptional in heat exhaustion 
The most sinking differences beh\xen controls 
and patients were noted in hematoent and m spc- 


afic gravity readings For cacli of these deter- 
minations, 83 per cent of the patients exceeded 
the control average These r^ults indicate tlie 
frequent occurrence of dehydration among pa- 
tients with heat exhaustion The scaraty of ex- 
tremely high values suggests that such dehydra- 
tion \vas not as severe as that often accompanying 
cramps 

The blood sugar m heat exhaustion was below 
the control average m 67 per cent of the patients 
though all values were m the control range. The 
average among patients was 63 6 mgm per 100 
cc, while the control average was 78 6 mgm per 
100 cc, Furtliermore, all cases upon whom con 
trol studies were made showed decrease of tins 
blood constituent m excess of 13 mgm per 100 cc. 
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Plasma carbon dioxide combmmg poucr ^vas 
determined for 4 patients In each case the re- 
sult was below the loueat v'aluc encountered 
among controls The averages uere 41 rolunica 
per cent for victims suffering from exhaustion 
and 57 8 vxilumcs per cent for controls 
Heat retentton The blood findings in heat re- 
tention showed no important dev^atJons from the 
pattern of the controls Although the averages 
(Table III) for nearly all blood constituents ex- 
amined were higher than the corresponding con 
trol figures, the difference m averages was signifi 
cant from a statistical vTcu-pomt, only m the case 
of serum clilonde uhich was consistently high 
(above 400 mgm per 100 cc,) m this type of pa- 
tient For all other measurements, the distnbu 
tion of values failed to suggest real differences 
bctvNcen controls and patients 
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SUMMARY 

1 Red cell count, hemoglobin, per cent volume 
of red cells, color index, volume index, specific 
gravity of blood and serum, white cell count, 
blood sugar, serum chlonde, plasma carbon diox- 
ide combining power, and scrum calcium were 
studied in (a) a scries of symptom-free workmen 
exposed to high environmental temperatures, and 
(i>) a senes of patients presenting symptoms at- 
tributable to such exposure In the control group, 
changes in these blood constituents over a work- 
penod of eight hours were measured Control 
values were compared with those obtained m vic- 
tims of heat sickness 

2 The results indicated (a) dehydration and 
(b) decrease of blood sugar over the work-period 
in a majonty of controls 

3 The most definite blood alterations encoun- 
tered among victims of heat sickness were as fol- 
lows (a) m heat cramps, tendency to blood con- 
centration and decrease of serum chloride, the 
greatest deviations from the controls appearing m 
this group, (b) in heat exhaustion, tendency to 
blood concentration, decrease m blood sugar, and 
lowering of alkali reserve, (c) in heat retention, 
consistently high normal serum chlonde 

The authors gratefully acknowledge the cooperation 
and assistance of Drs M W Heilman, W O Sherman, 
C C Guthrie, W S McEIlroy, and T K Kruse, and the 


helpfulness of officials and employees of the companies 
directly involved in this study 
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Thatl ''itients with diabetes have less resistance 
to infection than do normal individuals is a fact 
met with in the every-day expenence of the dim- 
aam Particularly common in diabetics are staphy- 
lococac and streptococac infections of the skm, 
B coh infections of the urinary tract, and tubercu- 
lar infections of the lungs To be sure, since the 
introduction of insuhn m 1922 and of protamine 
msulm m 1935, treatment has been so improved 
that excellent control of the diabetic condition is 
possible with almost all patients and the resistance 
to infection in well-controlled cases appears to ap- 
proximate the normal However, poor to 1922 
and today in patients whose diabetes is poorly 
controlled, the lessened abihty to cope with infec- 
tions cannot be denied 

In the mfections of the feet of elderly diabetics 
the factor of diminished blood supply resulting 
from artcnosclerosis is no doubt largely responsi 
ble for the slowly hcalmg, non healing or grad- 
ually extending nature of such lesions However, 
allovnng for this factor of poor arculahon, the 
nature of the lowered resistance to infection still 
remains to a large extent unexplained It is the 
purpose of this paper to present data beanng upon 
this pomt 

Various factors suggest themselves as the cause 
of the lowered resistance to infection in the dia- 
betic, These may be summamed as follows 

(1) Increased sugar content of blood and tis 
sues 

(2) Decreased activity of blood elements asso- 
ciated with resistance to infection (o) Subnor- 
mal activity of complement (b) Subnormal 
phagocytinng capaaty of leukocj^es, (c) Sub 
normal bactcnostatic and bactericidal action of 
whole blood 

(3) Inadequate functioning of fixed tissue 
cells 


1 The expense of this mvestigaUon wtis met m part by 
a grant from the Proctor Fund of Harvard Univeruty 


(4) Lowered capaaty of tissues to react to 
antigemc stimuh 

(5) Lowered state of general cellular nutri- 
tion, 

UTERATimE 

One of the earliest ideas and one which is occasionally 
advanced even today is that the increased sugar content 
of the blood and tissues seen in diabetes provides a more 
favorable culture medium, particularly for staphylococci 
Such a view was held by Lassor (1) for example. 
Present-day opmion does not favor this explanation. 
Thus Handmann (2) found that m vtiro blood contain 
ing 05 to 1 0 per cent sugar was no better culture me- 
dium for staphylococa than normal blood and that the 
addition of dextrose to blood within the limits found ra 
diabetes did not decrease the bacteriadal power of the 
blood or affect ib opsonjc index. Hirsch Kauffmann and 
Hchnann Trosien (3) observed that streptococci pneumo- 
cocci, and influenza bacilli grew better on blood agar 
plates made with blood from a patient in dabetic coma 
than on ordinary blood agar but there was no effect from 
hyperglycemic blood from non-coma cases, from the addi- 
tion of dextrose and acetone in vitro or from cases of 
experimental hypcrgljxcrraa lipcmla and aadosts. It Is 
true that Kestcnnaim and Knollc (4) reported that by 
the addibon of sugar to normal semra m amounb which 
are found in the blood of diabetic patlenb the bacterl 
adal effect of the serum toward colon bacilh could be 
appreciably reduced. Hmvevcr in similar expenmenb 
with staphylococci and streptococci such rcsulb were not 
obtained. It is possible that m the case of the colon 
bacilli, growth of the bacteria was favored by the en 
nehed racdium rather than by any lessened bacteriadal 
power of the serum. 

Although Pfllsbury and Kulchar (5) working wdth in 
duced staphylococac skin Infecbons in rabbits found that 
the frequent mjeclion of hypertonic dextrose solutions 
caused an mcrcase In the lesion they believed that the de 
hydration rcsultmg from the injections of the hypertonic 
solutions rather than the dextrose itself wtis the re 
sponsible factor The same type and degree of mcreasc 
of the lesion could be produced by injections of hyper- 
tonic salt solutions Poijruna and dehydration (accom 
panying prolonged and marked glycosuria) are regarded 
by Moienlhal (6) as responsible for the diminished re 
sistance to infection seen m diabetes He as well as 
Bayne Jones (7) and Richardson (8) ocmsiden hvner 
glyceroia Per se as of little or no slgnific 
connection, although all will agree' 
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elevated blood sugar must be considered as a sign of un- 
controlled diabetes and as the forerunner of aadosis 

Richardson (9) with diabetic patients and Horsier 
(10) with depancrcalized dogs found that tlie amount and 
activity of tlic complement of the blood serum did not 
differ from that of normal blood Ba>er and Form (11) 
noted, however, that following pancreatectomy there 
a decrease m hcmol>tic complement which could be tem- 
poranly restored to normal by the injection of insulin 
and dextrose 

DaCosta and Beardsley (12), continuing the work of 
DaCosta (13), found, using Wright's technique, that with 
staph> lococci, streptococci, and tubercle bacilli, the op- 
sonic index of the blood of 50 diabetic patients ^vas ap- 
proximatcI> onc-third below normal A high degree of 
glycosuria was found to imply a low grade of bacterial 
resistance as indicated by tlie opsonic index. Particularly 
with the tubercle bacillus, aadosis (which was present m 
15 of the 50 cases) was associated with a low oj>sonic 
index. It must be remembered tliat DaCosta's studies 
were carried out in 1908 before the time of insulin 
Sisto (14) using the same technique obtained m 1911 re- 
sults similar to those of DaCosta and Beardsley except 
that in his experience the degree of glycosuria bore no 
relationship to the extent of the low^cnng of the opsonic 
index. Horster (10) working wnth depancrcalized dogs 
concluded that in these there was a functional disturbance 
of the leukocytes 

Mocn and Reimann (15) found that antibody produc- 
tion (typhoid agglutinins) was lower m patients with 
diabetes than in normal indmduals, m proportion to the 
seventy of the disease Richardson (9) in a similar 
study of 42 diabetics and 39 non-diabctics came to the 
same conclusion He, too, found tliat tlie poorer the 
control of the diabetes, the lower the agglutinin produc- 
tion Wale and Madders (16), however, working with 
staphylococcal toxoid, found that diabetic blood had es- 
sentially the same amount of natural staphylococcal anti- 
toxin and that following toxoid treatment, it developed 
virtually the same increase in antitoxin as normals did 

Richardson (9) found that regardless of blood sugar 
level, diabetic blood had, in general, a lower bactericidal 
power than normal blood The differences were not 
striking, however In later work the same investigator 
(8) found that “underfed “ rabbits witli low liver glyco- 
gen showed lower typhoid agglutinin titers than did well- 
fed controls with higher liver glycogen Hyperglycemia 
maintained by repeated doses of epinephrine had no sig- 
nificant influence on titers He suggests that the lowered 
resistance of the diabetic may arise fron> a “ disturbed 
cellular nutrition closely associated with the diminution 
of cellular glycogen reserve" 

PREUMINARY EXPERIMENTS 

In an attempt to develop a suitable technique, various 
procedures were followed m the early part of the present 
study Our purpose \vas to find a method by which we 
could demonstrate a significant difference m the behavior 
toward bacteria of diabetic blood, cells, or serum, as com- 
pared with that of normal individuals 


At first, using the method of Ward and Enders (17) 
and freshly isolated strains of staphylococci and strepto- 
cocci, the opsonizing power of the fresh, defibrmated 
blood of 10 diabetic patients was compared with that of 
normal controls Using all possible combinations of 
washed normal and diabetic cells plus normal and dia- 
betic sera, no significant tendency was found m favor of 
any combination With the 2 strains of staphylococa 
used, the 2 tyqics of sera and cells exhibited essentially the 
same marked phagocytic activity, and with 2 strams of 
streptococci (Lyons “M" strains), both kinds of blood 
were equally ineffective. 

Tests designed to show differences in bactenadal 
power between normal and diabetic (defibrmated) blood 
using the method of Todd as modified by Ward (18) 
were equally inconclusive We were unable to demon- 
strate even the slight differences between normal and 
diabetic blood reported by Richardson (9) 

MATERIALS AXD ^lETnODS 

The procedures eventually used for the bulk of the 
study represented attempts to show differences between 
blood from normal indmduals and from diabetic patients 
by comparing the bacteriostatic, bactericidal, and phago- 
cytizing action of the two types of blood upon Beta hemo- 
lytic streptococci Smee the preliminary experiments in- 
vohing longer incubation had gi\cn essentially negative 
results, these later methods were designed chiefly to re- 
veal any difference in bacteriostatic action initially {tc, 
within 2 to 6 hours) as demonstrated by a prehramary 
lag in bactcrnl growth If such an early inhibition could 
be demonstrated with normal and not with diabetic blood, 
the results might be used to explain clinical events 

Subjects The non-diabctic controls were patients 
from the Outpatient Department of the Beth Israel 
Hospital, laboratory workers from the Harvard School 
of Public Health and the New England Deaconess Hos- 
pital, and 6 were patients m the Children’s Hospital 
None had diabetes or, as far as could be deternuned, any 
other disease likely to be accompanied by a lowered re- 
sistance to infection The diabetics were all patients in 
the New England Deaconess Hospital The ages vanned 
from 4 months to 65 years in the non-diabctic group and 
from 10 years to 70 years m the diabetic senes 

Bacterial strains The following strains of Beta hemo- 
lytic streptococa were used Wa, isolated from a human 
case of empyema, and classified as a member of Lance- 
field’s Group A, Ward and Lyons' colony vainant M, 
Ba and Sc kindly provided by Dr W S Tillctt (see his 
paper (19) for description of these strains) , NY5, a 
culture of the original Dochez scarlet fever strain Cap- 
sules were easily demonstrable in cultures of Strams Wa, 
Ba, and Sc 

Stock cultures The strains were cultured in defibn- 
nated horse blood, stored in tlie cold, and transferred 
monthly 

Test cultures Strains used in our tests w^ere trans- 
ferred at frequent intervals through buffered peptone 
broth containing 0 1 per cent dextrose Young cultures, 
representing 3 to 5 hours' growth at 37® C and contain- 
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mg an average concentration of 100 million bacteria 
per cc^ were used to provide mocula m the vanous tests 
CoUection of blood Blood was withdrawn under ster- 
ile conditions from a vem m the antecubiUI space. The 
time of coUection was usually in the late forenoon, 2 to 
4 hours after the subject had had breakfast No cor- 
relation between the length of tunc tmcc food and the 
bactcriadal effect of the blood was evident 
Working with horse blood no measurable difference 
was found m growth curves whether the blood was de- 
fibnnated or hepannued, and m view of the waste m de 
fibnnation hepanmzed blood was used. The subsequent 
addition of the bacterial culture to the blood was found to 
cause clotting unless an excess of heparin was present 
A OJ per cent solution of bepann m 0 85 per cent sodium 
■cJWiOTde Jit JD for 20 

mnrates was used The addition of 0,5 cc, of this solution 
to 10 cc. of blood prevented dotting for 24 hours if the 
blood bacterial mixture was well shaken IRfcparm rather 
than sodium oxalate, sodium atratc, or other anbeoagu 
lants was used since the reports of others (20 21 22, 23) 
indicated that i» %niro the addibon of heparm docs not 
mhibit the growth of bacteria nor docs it lower the 
phagocytic power of the blood. 

Procedure for bactenoriatic and phagocytic tests Five 
cc. of fresh heparmued whole blood and 0 1 cc. of a 10^ 
dilution m broth of a 3 to 5 hour broth culture of strepto- 
coed were placed in a sterile 25 cc. round bottom fla<k. 
A plate count on 0.5 cc of a similar mixture was made 
mimcdiateiy to determine the initial concentre! bon of bac- 
teria. Flasks containing test mixtures were then fastened 
m a horuonta! posibon on a disc m the incubator (37 
C) Rotabon at 10 rpjn. msored coobnuuus mixing of 
blood and bacteria during incubabon. Four plate counts 
using blood agar were made on 0,5 cc samples taken af- 
ter 2, 4 and 6 hours. Sunultaneously wnth the tests for 
hacteriostabc action, mixtures were made u^mg 0.5 cc of 
the same blood and 0 1 cc of undiluted culture to deter 
mme phagocybe capaaty The latter mixtures were ro- 
tated ra the incubator at 37* C for 30 rauHrtes at which 
bme smears were made to obtain phagocytic counts 
Procedure for bactcnctdcd tests In aiJ<lition to the 
tests menboned under " Prelmimary Experiments ** fur- 
ther attempts to 6nd a difference between normal and 
diabetic bloods m terms of bactenadal action were car- 
ried out as follows 2 cc of heparmired whole blood plus 

0 1 cc of various dilutions of a 3 to 5 hour broth culbirc 
were mixed in flasks. In these tests the initial and final 
concentrations of bacteria were determined by diluting 

1 0 cc of test mixture quantitatively through 9J) cc blood 
broth dilution blanks (one drop of defibrjnated normal 
hone blood ra 9 cc of broth) The test period was 24 
hours All mixtures were continuously rotated at 40* C 

XSSVITS 

Bactenostatte and phagocytic tests Having de- 
termined the most satisfactory type of medium for 
stock cultures and subcultures size and age of 
raoculura type of flask and hours of sampling by 


an extensive senes of preliminary tests with 
horse blood, 25 tests on 23 non-diabetic individ- 
uals and 27 tests on 27 diabetic patients were 
earned out to discover the difference, if any, in 
the inhibitory action and phagocytic power of the 
bloods upon Beta hemolytic streptococa The 
white blood cells were counted on all samples at 
the begmning of a test and on most of them at the 
end Streptococcus Strain Wa was used in all 
cases 


TADTE I 

Phagocyttsxn[ and tnkibitory adton of kepanmzed bJood of 
non-dtabeitc tTtdtxaduaJs upon streptococci {Slratn Tl'a.) f 


1 *gnniK 

Sobfeet 

Wth»Uood 

wfleonnt 

10 mliralfi 
pliWoeTtodi 
(100 cdk 
eouBttdJ 

Loct* of mnaber of 
bwicrii per ce. 


1 

1 

1 

O 

J 

h 

|| 


8 

2 

£ 

1 

j 

J 


fcnn 


*#*, 

jxr 

cod 




Ttr 

cnl 



1 




1 

M* 

F 

000 

8.700 

3400 

38 

48 

40S 

84 

u 



1 

40 

M. 

OOO 

IWOO 

4 000 

48 

M 

088 

7.9 

24 

14 

14 

EtoBo 

3 

7S 

F 

DD8 

10 600 



00 

90S 

IM 

24 

14 

14 

34 

4 

14 

U. 


0800 

1,000 

18 

44 

313 

7 1 

34 

L7 

14 

14 

S 

41 

y 

an 

lOTOO 

4400 

38 

ri 

613 

84 

3.4 

14 

14 

24 

fl* 

» 

y 


0.800 

1,100 

13 

80 

620 

7J 

14 

U 

34 

3.7 

7 

It 

n. 


03« 

1.100 

J 

100 

1400 

ito 

14 

34 

14 

14 

8 

38 

r 

aoo 

8J00 

3,400 

40 

40 

293 

74 

U 

14 

34 

34 

a 

43 

y 

OjW 

0100 

lew 

10 

K1 

778 

94 

34 

34 

24 

44 

10 

40 

T, 

OJO 

0700 

3 400 

n 

13 

108 

3,4 

34 

U 

4.4 

64 

lU 

31 

\l 


0700 

1700 

47 

18 

171 

84 

34 

44 

84 

6.1 

11 

85 

M. 


6,000 

IJOOO 

S9 

44 

308 

8.1 

24 

34 

44 

S.7 

u 

17 

F 


13JW0 

8,000' 

44 

SO 

S38 

154 

34 

44 

64 

64 

14 


F 


0000 

6.600, 

S3 

88 

732 

13J 

3.1 

44 

66 

64 

IS 

46 1 

F 


llfiOO' 

5400^ 

60 

76 

1 IC 

144 

3.1 

44 

64 

64 

u 

SO . 

F, 


7^00 

4.000 

83 

81 

14)10 

a4 

35 

4 

6.7 

7 1 

17 

84 

ll 

OJO 

7 600 

1400 

24 

8 

48 

84 

24 

I4I 

64 

64 

m 

31 1 

U.| 

OJl 

7 400 

1 


4 

80 

134 

34 

34 

64 

6,7 

10 

40 

F 

aio 

OOOO 

3.400 

43 

30 

68 

34 

3.4 

14 

64 

64 

SO 1 

43 1 

M. 

OJl 

9,000 

54001 

18 

13 

48 

44 

14 

U 

4.6 

6.4 

Z1 1 

81 

iL 

009 

9000, 

XKO 


18 

S32 

114 

14 

1,4 

4.9 

8,4 


lUl 

F 

01)9 

8.100 1 



16 

i 243 

164 

34 

14 

S4 

74 

a 1 

ILO 

y 

008 

7 800 



8 

1 62 

84 

54 

16 

64 

; 74 



F 

007 

11400, 



S3 

1 304 

144 

14 

II.4 

1 64 

1 71 

1 

S3 

8.0 1 

F 

Oils 

8.700' 



1 

98 

184 


3.7 

64 

1 

74 


• In Tests 3 and 6 the same subject was used Test 3 was 
done 6 weeks after Test 6 

t Phagoi^ybc and bactenostatte tests were earned out on 
separate mixtures simultaneously inoculated. 

X In Tests 11 and 18 the saracsubject was used Test 18 
was done 6 weeks after Test 11 

The results obtained with the non diabetic indi- 
viduals are shown m Table L Tests 3, 4, 6, 7, 
11, 18 were performed upon hcalthj >oung lab- 
oratoiy workers The subjects of Tests 3, 6, and 
7 were in dail} contact, and that of Test 4 m 
xvcoVy contact, nv/1? the strcptococcvs vsed 
Tests 1, 2, 5 8 to 10, 12 to 17, 19 to 21, all indu 
si\e were on patients front the C u Dc 

partment of the Beth It 
as known, \\cre tuTwi 



TABLE n 

PIuigocylK:tng and tnkthttng aclion of hepanmzed blood of dtabcltc individuals upon slrepiococct (Slratn Wa) t 
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Urinary sugar ^id to date from 1882 Undoubted diabetes for at least 9 years 

agocytic and bacteriostatic tests were carried out on separate mixtures simultaneously inoculated 
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would alter the resistance of the individual to 
streptococcic infections The blood Wassennann 
test was negative in each instance. The children 
upon whom Tests 22 to 25 were earned out were 
in patients on the orthopoedic service at the Chil- 
dren's Hospital It 13 fair to state that, because 
of their physical handicap, these children although 
suffering from no disease other than structural 
abnormahtics, might not possess average abihty to 
cope with infections In each case, an attempt 
was made to ascertain whether the individuals had 
suffered streptococcic infections in the past A 
negative history was obtained in all instances ex- 
cept m the subject of Test 7 who had had a severe 
streptococcic lymphangitis in the left arm 7 
months before, in that of Test 11 who had had 
streptococac osteomyelitis 3 years before and that 
of Test 9 who complained of frequent attacks of 
phaiyngibs 

In all cases the number of white blood cells was 
definitely decreased at the end of the 6-hour 
penod Of the 19 tests m which counts were 
made both at the start and finish, m 3 a final 
count of less than 20 per cent of the initial was 
obtained, m 5 from 20 to 29 in 3 from 30 to 39, 
in 5 from 40 to 49, m 2 from SO to 59, and in 1 
82 per cent Tests 4 and 6 m Table I m which 
the greatest destruction of cells occurred showed 
respectively 44 and 80 per cent of active phago- 
cytes, whereas the t\vo tests showing the least cell 
destruction (14 and 16) had 56 and 84 per cent 
of active phagocytes The subject in Test 7 
(mentioned m the precedmg paragraph) showed 
100 per cent phagocytosis and 25 per cent sur- 
vival of white cells and inhibition of growth of 
the organism for 4 hours The bacteriostatic ef- 
fect seen in Tests 3 and 6 possibly reflect the added 
resistance which this subject acquired through 
daily contact with the test cultures Only 2 of 
the normal bloods (1 and 2) stenlized themselves 
within the 6-hour penod, and these showed 48 
and 84 per cent active phagocytes, respectively 

It is interesting to note that blood of the four 
children (Tests 22 23 24 25) showed negligible 
phagocytosis and a loganthmic increase in bac- 
tenal population in 6 hours. 

The data as regards the diabetic patients arc 
presented in Table II Twenty -one had initial 
and final white blood cell counts Of these the 
final count of one was 18 per cent, 5 were from 


20 to 29, 5 from 30 to 39, 7 from 40 to 49, 2 from 
60 to 69 and 1 was 70 per cent of the initial count 
Here as in the normal senes there seems to be no 
correlation between the survival of leukocytes and 
the efficiency of phagocytosis In three tests (1, 
2, 7) in which 100 per cent of the leukocytes were 
actively phagocytic, the percentage surviving at 
the end of 6 hours was 24, 70, and 42 respec- 
tively, and in 2 tests (8 and 16) where no cells 
were actively phagocytic, 18 and 34 per cent of 
the white blood cells survived Blood from 2 of 
the 3 patients showing 100 per cent phagocytosis 
brought about complete lollmg of the bactena in 
6 hours, but the third merely inhibited multiplica- 
tion for 2 hours One case, 3, showed an inhi- 
bition of growth of the organism for the 6-hour 
penod, but had only 32 per cent active phagocytes 
Two cases (4 and 6) showed inhibition of growth 
for two hours, with phagocytic counts of 52 and 
16 The bloods showing the most rapid initial 
growth of the organism (12, 22, 24) had phago- 
cytic counts of 4, 44, and 16 respectively 

The 2 diabetic patients whose blood stenlized 
Itself in the flasks were poorly controlled clini- 
cally Case 2 was a young man 21,3 years old, 
with diabetes of 9 3 years' duration, the blood 
used m the test had a sugar content of 0 31 per 
cent Case 1 was an elderly \\ oman 68 5 years 
old with diabetes of 1 4 years* duration , the sugar 
content of her blood used m the test was 0,23 per 
cent 

Cases 8 16, and 23 who showed no phagocyto- 
sis, all had 2 hour loganthmic increases in bac- 
terial population of 1 4 which is not the greatest 
increase in the senes nor was their 6-hour bac- 
tenal count as high as some (12, 22, 24, 25) 

The phagocytic indices of the non-diabetics 
^^^ed from 2,2 to 149 with an average of 97 
The 2 bloods (1 and 2) which brought about com- 
plete killing of the bactena had phago<yiic indices 
of 8 5 and 79 In the diabetic group the indices 
varied from 0 to 209 ^Mth an average of lOS, 
with the bactenadal numbers 1 and 2 showing 
indices of 11 4 and 19 I 
The results obtained with the bactcnostatic and 
phagocjlic tests are summanzed m Table III As 
maj be seen from Tabic III no significant dif- 
ference was apparent between the behavior of 
diabetic and non-diabctic blood ' 

Bactericidal poucr of blood 
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TABLE HI 

Summary of results of bactenostaUc and phagocytic tests 



Total 

II um 
her 
of 

cases 

Bactcrlofitatlo testa 

PbaRoeytlo testa 

Baclcrl 

cltlaP 

BflclcHo- 

atalict 

Kon- 

InhlW 

iory 

0(0 60 
per cent 
active 
phapocytea 

61 to 100 
per cent 
active 
pbapoejica 

Nranbcr 

Per cent 

Number 

1 

§ 

l<s 

Number 

Per cent 

Number 

Per cent 

Number 

Per cent 

NoiHliabcUc 

23 

o 

87 1 

.1 

C 

201 

16 

055 

14 


B 


Diabctlo | 

\ 

27 

o 

74 

5 

18 6 

20 

74 Ij 

18 

CO 7 

fl 



* Bactericidal stcrilit>' in 6 hours 
t Bacteriostatic inhibitory to such a degree that the 
original population decreased at least during the first 2 
hours and in most instances was either less or only slightly 
greater in 4 hours 

of the work desenbed above it was felt that the 
bacteriostatic and pbagocjlic tests did not indi- 
cate clearly any significant difference between the 
circulating blood of the diabetic and the non- 
diabetic individuals studied Further attempts to 
demonstrate such a difference in terms of bac- 
tericidal action were then earned out 

Four bacterial strains were used Wa, Ba, Sc 
and NY5 (see dcscnption of organisms under 
'‘Materials and Methods”) The blood of 12 
non-diabctic and 6 diabetic individuals was a\ail- 
able As can be seen readily from Table IV, the 
results obtained were essentially the same in the 
two groups Both had difficulty in exerting com- 
plete bactericidal action upon the resistant Wa and 
Ba strains and dealt about equally well with the 
less resistant strains Sc and NY5 One of the 
diabetic bloods (Number 3) killed all four or- 
ganisms in 24 hours This patient is a diabetic 
of long standing, the first in Boston and perhaps 
m the United States to take insulin (on August 7, 
1922) and her diabetes has never been under ex- 
ceptional control It should be noted that these 
tests were earned out at 40° C With each test 
a horse blood control mixture was run on each or- 
ganism at 40° C and m no case did it fail to grow 

Using Strain Sc which all bloods tested killed at 
40° C in a 10^ dilution of a 4-hour broth ail- 
ture, an attempt was made to determine whether 
normal blood would kill a larger inoculum of this 
organism than diabetic blood The results are 
shown m Table V 

Of the 5 normals, Number 5 affected the cul- 
ture in all dilutions but merely inhibited the un- 


TABLE IV 


Effect of hnma7i blood upon slrepiococct 
(Strains Wa, Ba, Sc, NYS) at 40^ C* 


Blood 

epedmen 

number 

1 3 houra incubation 

1 

24 hours Incubation 

iSinln 

Wa 

Strain 

Ba 

Strain I 
Sc 1 

1 

strain 

NY5 

Strain 

Wa 

Strain 

Ba 

Strain I 
Sc 1 

1 

Strain 
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♦ -f- = BactcncidTl effect, t , no grow*th in subculture 
of tost mixture 

X BactcnostTtic effect, i e , slight or no increase 
o\cr initial concentration of bacteria 
0 ^ No inhibitory effect, t e , logarithmic increase in 
concentration of bacteria 

diluted inoculum The others except for Number 
1, were not verj'* effective In the diabetic senes, 
2 \\cre bactericidal in all dilutions, while 4 were 
bacteriostatic for the undiluted inoculum and 
either bacteriostatic or bactcnadal in the lower 
dilutions Hence here again no significant dif- 
ference between the behavior of diabetic and non- 
diabetic blood was demonstrable 

DISCUSSION 

The results just outlined are of an essentially 
negative character in that they show no significant 
difference between the bactericidal, bactenostatic, 
or phagocytic power of diabetic as compared with 
normal blood They demonstrate that if one car- 
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TABLE V 

Effect of human Uood upon streptococcx (Strain Sc) 
at 40^ C for Z4 hours * 


Blood iped 

1 Dflatloiu of ^bonr ecUnre of »treptococd 

mcQ number 

UDdilated 

lOH 

10-f 

10-* 

10-4 


A* NORUAL CONTROLS 



+ 

+ 

+ 

0 

0 

0 


0 

0 

+ 


0 

-f 



X 

+ 

+ 



B DIABETIC PATIENTS 



X ■“ Bactenostatjc effect t slight or no mcreafle 
over initial concentration of bacteria 
0 — No Inhibitory effect » e. loganthmic Increase m 
concentration of bacteria 

nes out such tests using n few selected strains of 
streptococci, approximately the same vanation of 
bactenadal or phagocytic power ^vlU be found 
among a group of diabetic patients, regardless of 
duration, seventy, or state of control of the dia- 
betes, as among a group of normal individuals se 
lected at random This vanation is %vithout doubt 
partly dependent upon former chance contacts 
chiefly during mfections, between the individuals 
concerned diabetic or non-diabctic, and the spe- 
afic (or to a less extent, related) bacterial strains 
used Among other factors aside from the pos 
sible mfluence of diabetes itself is the r^nable 
capacity of individuals to respond to antigenic 
contacts Our findings suggest that diabetic pa 
Uents who successfully combat past infections 
thereby develop specific iramunitj to rough]} the 
same extent as do non diabetic controls It is 
true that Moen and Romann (IS) and Richard- 
son (8), m work already referred to, found the 
development of typhoid agglutinins poorer in dia- 
betic than in normal indivnduals CoiTesi>onding 


studies usmg streptococci or their products cannot 
be earned out so that one must be content with 
the type of data presented m the present paper 
Furthermore, we believe that the development of 
agglutmms is not as significant from the point of 
view of actual protection as the type of immunity 
demonstrable by the methods employed in the 
present study 

It must be emphasized that our results were ob- 
tained by the use of a few selected bacterial 
strains Different findings might possibly be se- 
cured using other techmques and other organ- 
isms, but the possibiUhes in this regard are many, 
and in view of the frankly negative character of 
the results to date, we have not thought it wortli 
while to pursue the question along this hne. 

Wherein, then, does the lowered resistance to 
infection of the uncontrolled diabetic he? We 
have already conceded that the well-controlled pa- 
tient may exhibit an essentially normal defense. 
It seems likely that the commonly occumng mal 
nutnbon, dehydration, and acidosis of the poorly 
controlled diabetic may contribute to poor resist- 
ance m a manner whidi is not reflected m tlie tjqie 
of study here reported Perhaps also one should 
consider more speafically the functional intcQnty 
of the fixed tissue cells, i r, the mononuclear cells 
of the reticulo-cndothclial system Their impor- 
tant role m bodily defense no one will deny One 
IS intrigued by the possibility that, in the uncon- 
trolled diabetic, the hypercholestenncmia which is 
present not infrequently may be assoaated witli 
a ‘blockade' of the rcticulo-endothelial s>stcm 
with consequent lowenng of its cfliacncy Upon 
this point data are difficult to acquire and our own 
experiments are not relevTmt. 

CONCLUSIONS 

Fresh defibrmated blood and hcpannized w hole 
blood of diabetic patients were found to possess 
essentiall) the same pliagocytic, bactcnostatic, and 
bactenadal power against selected strains of 
strcptococa as blood from normal controls Re- 
sults in individual cases could not be correlated 
with the duration sc\ enty, or state of control of 
the diabetes 

The authon are grateful to Dr L. D FotfiergiH 
valuable sufrgestlom, to Dr W G * 
the use of hij labor»tary for .^rt of < 

Drs H L. > > A. 
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Fig 2 Case I, H B Postoperati\’e PARATn\RoiD Tetany 
Calciferol 1 mgm equivalent to 40,000 international Mtamin D units Calaum salts Solid blocking = cal- 
cium chloride , shaded blocking = calcium lactate 


only (December 13, 1935) was the scrum calcium normal, 
but within a few days it had dropped again For a two- 
week period the patient was given a diet containing daily 
2 0 grams of calcium and 0 6 gram of phosphorus (Diet 
A) There was a temporary rise in the scrum calcium to 
7 5 mgm per cent and a concomitant fall in the scrum 
phosphorus to 4 8 but these promptly returned to their 
former levels at the end of a week Following this, a 
high aad-ash diet (Diet B) was tried for a period of 
three months As a result, there was a transient but 
small nse in the serum Calcium and a fall in the scrum 
inorganic phosphorus 

On March 3, 1936, two parathyroid glands of pm-head 
size were removed from a still-bom baby (3% hours) 
and injected into the region of the left deltoid through a 
trocar with about 3 cc of Ringer's solution On June 17, 
1936, a small parathyroid gland removed at operation was 
transplanted over the right femoral vein through a small 
incision in the skin No appreciable effect upon the clini- 
cal course or serum calcium was noted Five months af- 


ter the second transplantation the scrum inorganic phos- 
phorus had fallen to 22 mgm per cent Since all the 
preceding and subsequent determinations were higher 
(ic, \vhen the patient was not taking calciferol), there 
IS reason to question the accurac> of this determination 

The average values for the entire penod were serum 
calcium 64 mgm per cent, scrum inorganic phosphorus 
4 9 mgm per cent 

Period II (17 days) For one week, daily doses of 
320,000 vitamin D units of calciferol were administered 
The daily intake of calcium (CaOa 16 grams) and vi- 
osterol (20 cc,) was the same as in Period I Within 
three days the scrum calcium had reached S2 mgm per 
cent, the highest it had ever been, except on the one oc- 
casion mentioned above. The serum phosphorus at first 
rose slightly and then fell, but all determinations re- 
mained withm normal limits during this period Calaf- 
erol was discontinued at the end of a week but during the 
next eleven days the serum calcium continued to rise, 
the phosphorus to fall 
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Period III (45 day^) The vlostcrol and calaum m 
take remaining the same as m Period II, caldfcrol was 
given for three dajrs (total 720000 units) Eight days 
later a similar dose was given. There was no change in 
the scrum calcium after the first block of calaferol, but 
following the second block there was a definite nse to a 
level of 8.7 mgm. per cent Following the last dose of 
calciferol there was a gradual fall in the serum calaum, 
but even at the end of thirty three days it bad not reached 
the average level of Period L The scrum morganic 
phosphorus fell slightly after the first block of calaferol 
and rose after the second, although not to an abnormal 
level 

Penod IV (28 days) The calaum intake remaining 
the same as m Periods I II and III a daily dose of 
300000 vitamm D umts was given for fourteen days 
twice as long as m cither Period II or III There was a 
correspondingly greater nie In the scrum calchmi, reach 
ing a maximum of 90 mgm. per cent. The scrum Inor 
game phosphorus fell abruptly to ZS mgm. per cent. 
During the following week the serum calaum remained 
about the same and then fell, rcachmg a level of 8.5 mgfm, 
per cent two weeks after the last dose of calaferol The 
serum inorganic phosidiorus rose slightly (to 3 0 mgm, 
per cent) 

Penod V (7 days) Keepmg the calaferol mtake at 
the tame level as in Penod fv (300000 units daily) the 
calaum intake was reduced to 4 grams of the lactate 
daily Within two days the patient developed acute 
tetany Unfortunately she was unable to come mto the 
clmic, but mereased her calcium mtake to 12 grams of 
the chloride, with diminution in her tetany Despite the 
fact that sinular dose* of calaferol had previously re- 
sulted m a rue m the serum calduni, at the end of one 
week there was no rue but In fact, a slight falL Had a 
blood calaum been determmed on the third day of the 
penod when the patient was m active tetany it would 
undoubtedly have been considerably lower This appears 
to demonstrate the dependence of calaferol activity on 
the calaum intake, 

Penod VI (14 days) With the same calaferol in 
take as m Penod V, and 12 grams of calcium lactate 
daily there was a prompt nse in the serum calaum to 
9.3 mgm. per cent Doublmg the calaum mtake resulted 
in no further rue. At any given dose of calciferol, there 
appears to be an optimal calcium intake above which 
additions will cause no further rise in the scrum caldum. 

Penods VII and VIII (7 days each) The calchim m- 
take was kept the same as in Period VI The calaferol 
dosage, however was reduced to one-half (150 000 units 
daily) At the end of one week there was a slight fall 
in the serum caldum. By mcreasmg the dose to 225 000 
units per day it was possible to raise the icrum calaum 
agam to 99 mgm per cent. This response was of the 
tame order of magnitude as that which resulted from a 
daily dose of 300 000 vitamin D units There appears 
therefore, to be an optimal dose of calaferol at any 
given intake of caldum, whkh will raue the serum cal 
aura levcL 

Penod /X (77 days) It v.'as possible to nuintam the 


serum caldum at approximately 9X1 mgm. per cent and 
to keep the patient free from tetany for a period of 
eleven weeks on 150000 units of calaferol and 20 to 32 
grams of calaum lactate daily 

During the periods m which calaferol was adroin 
istercd, a total of 202 days, manifest tetany \vas absent 
at all times, except m Penod V when the ^dum mtake 
\va5 greatly reduced The only evidence of latent tetany 
which could be occasionally demonstrated was a slightly 
positi>e Trousseaus sign after apphcation of a tight 
tourniquet for a penod of more than one mmute, a 
finding of questionable significance. The patient felt 
perfectly well during this penod and exhibited no signs 
or symptoms of vitamin D intoxication The nervbus 
ness tremor and exophthalmos which \vere undoubtedly 
related to a state of hyperthyroidism, remained un 
changed- There was slight persistent tachycardia, but 
no loss of weight. In December 1936 a small nodule 
appeared in the region of the left lobe of the thyroid. 
This mereased somev,hat in sue during the ensuing three 
months and then remaraed stationary No iodine was 
administered to avoid complicating these studies A 
fluoroscopic examination of the chest in November 1936 
failed to demonstrate a substemal thyroid. 

Except for three months during Period I, the patient 
ate a well balanced diet of her own choosing Since no 
effort had been made to control its caldum or phosphorus 
content, the diet for a sample penod of one week during 
June 1937 was recorded and analyzed. The average daily 
calcium mtake (cxdusivc of added salts) was 0.566 
gram the average daily phosphorus was 0.855 gram. 

Caje 2 

J La P., a 39'year old Italian para iil, gravida iv, was 
delivered on August 9, 1936 of a normal full term male 
child, weighing 2710 grams after a labor of 6^ hours. 
The last week of pregnancy bad been complicated by a 
severe pyelitis On the seventh day postpartum, the 
symptoms of pyehtis having already subsided the patient 
developed cxcruciatrag pam, numbness and spasm of tlie 
right hand and wrist Examination of the blood rescaled 
hypocalcemia and hyperphosphatemia, and Cbvostek s and 
Trousseaus signs were positive confirming the diagnosis 
of idiopathic parathyroprrvic tetany 

The patients first two pregnancies (1927 and 1929) 
had been uneventfuL The last. In 1933 had been fol 
lowed by a similar attack of tetany lasting six months 
and incorrectly diagnosed as arthntis as subsequent 
events proved. Since then she had had monthly attacks 
of tetany charactenzed by tingling and twtehing of the 
thenar cramcnces, coinddmg with the menstrual penods. 
The attacks MV’erc always mild msolved the right hand 
more than the left, and usually appeared two or three 
days before, and subsided immediately after the onset of 
menstrual flow There was nothing else of note In the 
past or family history 

Physical examtnaUon (three weeks after delivery Au 
gust 29 1936) — ^Thc patient w*as a well dcrelopcd obese 
Italian woman who did not appear ilU The vital signs 
WTre normal Scalp hair was abuddaat and of t 
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texture. The skm was dark, warm, and moist The 
nails were all present and showed no trophic changes 
Examination of the eyes revealed no evidence of cata- 
ract, the pupils and fundi were normal The teeth were 
in good repair and exhibited no unusual pitting or ridg- 
ing The thyroid gland was of normal size and con- 
sistency and there were no eye signs, tremor, tachycardia, 
or excessive sweating to suggest thyroid disease The 
heart and lungs were normal, the blood pressure 120/80 
Abdominal examination revealed right costovertebral an- 
gle tenderness but the kidneys were not palpable There 
was a mild cervicitis and a relaxed pelvic floor Slight 
pitting edema was demonstrable over the left ankle, 
Chvostek, Trousseau, and peroneal signs were markedly 
positive All the reflexes were h>poactivc and equal, the 
Babinski physiological 

Laboratory data — Blood Red blood cells 4,300,000, 
hemoglobin 114 grams (Sahli), white blood cells 13,600 
On subsequent examination the red blood count, \\hilc 
blood count, and hemoglobin fell to 3,560,000, 7,900, and 
10 4 respectucly Urine yellow, cloudy, albumin 2 +, 


sugar absent Microscopic loaded with clumped white 
blood cells, no red blood cells or casts Unne culture 
D coll commnnwr Wassermann and Kahn blood tests 
negative Abdominal x-ray on September 2, 1936 kid- 
ney shadows of normal size and shape, no evidence of 
calcification in the kidneys or along the course of the 
ureters Phcnolsulphoncphthalein excretion test on June 
S, 1937 (1 cc, intravenously) 15 minutes 25 per cent, 30 
minutes 20 per cent, 1 hour 20 per cent, 2 hours 15 per 
cent Total excretion 80 per cent. Urea clearance 522 
ca per minute or 69 6 per cent Creatinine clearance 
92 8 cc, per minute 

Several determinations of the scrum total proteins, 
albumin globulin ratios, carbon dioxide combining 
power, chlorides, and nonprotcin nitrogen were within 
normal limits 

Course (Figures 3 and 4) — The patient ran a hectic 
temperature with marked p>niria for one week. These 
subsided under a rdgime of forced fluids, sodium aad 
phosphate, and hcxamcth>lencamine Subsequently, m 
the Outpatient Department, the latter was alternated with 
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neutral acnflavine and alkali for a period of five months 
when all urinary symptoms disappeared. Although the 
ortne no longer contamed pus (xlls culture yielded B 
coU as late as March 1937 

Period 1 (6% months) The initial attack of tetany 
(August 15 1936) was promptly relieved by the intra 
venous injection of 1 gram of calaum gluconate. Mod 
crate amounts of calcium v.'ere then administered orally 
Although there was no further active tetany Trousseaus 
sign remamed positive. The patient was discharged 
from the hospital on August 22, 1936, without racdlcatloo 
Six days later she was readmitted m acute tetanj This 
promptly responded to caktum therapy The patient was 
discharged on September 5 1936 and advised to take 16 
cc, of cod liver oil and 12 grams of calcnim lactate daily 
Hypocaktmia and hyperphosphatemia persisted but mam 
fest tetaiiy did not reappear until February 17 1937 The 
average serum values for the entire penod were calduro 
7 1 mgrn. per cent phosphorus 5 6 mgm. per cent, 

Penod II (21 days) Doses of 300000 vitamin D 


units of calciferol with 4 and then 8 grams of calaum 
lactate were adraimstcred daily The serum calaum rose 
steadily to 9.8 mgm. per cent but the serum i^osphatc 
remained constant between 4J2 and 47 mgm, i>cr cent 
Signs of latent tetany disappeared when the serum cal 
aum reached a level of 8J mgm, per cent 
Penod III (7 days) The dan> calafcrol intake was 
reduced to 150 000 units but the serum calaum contmued 
to rise and the scrum phosphate to fall rcaclimg new 
levels of 104 and 39 mgm. per cent respectively 
Penod IV (49 daj's) The daily calafcrol intake was 
reduced still fimther (to 75 000 units) and the calaum 
intake mcreased to 12 grams of the lactate Scrum cal 
dum fell to and remained fairly constant at 9 ntgra. per 
cent The scrum inorganic phoS[Aoru5 (ell to 3.5 mgm. 
per cent At the end of four weeks calafcrol ndmm 
istration wtis discontinued, but the scrum calaum re 
raamed elevated for the follcnvTng three weeks 
Penod V (21 days) Calafcrol ihcrapj w-as resamed 
at a somewhat higher level 22SOOO umts daily There 
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was a gradual rise m the scrum calcium to 9 9 mgm per 
cent and in the scrum inorganic phosphorus to 4 7 mgm 
per cent 

Period VI (14 days) Calciferol was administered as 
in Period V but calcium lactate was omitted The scrum 
calcium remained at essentially the same level for two 
weeks, in contrast to the rise of scrum calcium which fol- 
lowed the continued administration of comparable doses 
of calciferol supplemented by calcium lactate (Periods 
II, III, V) 

Except for the lapse of three weeks in Period IV, 
calciferol was administered continuously for 106 days 
At no time were there any signs or symptoms of tetany, 
and the scrum values for calcium and phosphorus re- 
mained within normal limits There was no evidence of 
hypcrvitaminosis D and the weight remained constant 

The patient ate a well balanced diet of her own choos- 
ing during the entire period of observation Its average 
daily calcium and phosphorus content was determined as 
for Case 1 and found to contain 0 434 gram and 0 829 
gram respectively 

DISCUSSION 

The results of this study confirm Elliott’s (19) 
and Stacey’s (20) conclusion that crystalline vita- 
min D. (calciferol) is an effective agent m the 
treatment of parathyroid tetany Case 1 had 
suffered from severe tetany for at least one jear 
preceding the use of calciferol and had failed to 
respond to parathormone, low phosphorus-high 
calcium diet, two parathyroid gland transplants, 
moderate doses of viosterol, and calcium salts m 
amounts suggested by Boothby and Davis (23) 
Large doses of calciferol, m the presence of an 
adequate calcium intake, maintained the patient 
m a normal state during the succeeding six 
months Case 2, on the other hand, had suffered 
from mild tetany for a period of six months pre- 
ceding the use of calciferol Although moderate 
doses of calcium and cod liver oil prevented severe 
tetany, there were mild attacks at each menstrual 
penod and hypocalcemia was constantly present 
By the use of calciferol and an adequate calcium 
intake, it was possible to maintain the patient in a 
normal state with respect to her tetany and blood 
chemistry during the succeeding four months It 
must be granted, however, that larger doses of 
calaum and viosterol, such as were used in Case 
1, might have been equally effective 

Serum calcium — ^The effect of calciferol on the 
serum calcium was found to be dependent on the 
daily dose, duration of dosage, and the calcium 
intake Moreover, there appeared to be indi- 
vidual differences between the two patients 


Daily doses of 225,000 to 300,000 vitamin D units 
resulted in a progressive rise m the serum cal- 
cium m both patients, when the calcium intake was 
adequate Doses of 150,000 units daily resulted 
in a rise m Case 2 (Period III), but merely main- 
tained the serum calcium at its initial level in Case 
1 (Period IX) In Case 2 (Penod V), 75,000 
units daily were inadequate to maintain a serum 
calcium of 10 4 mgm per cent 
When adequate amounts of calciferol were ad- 
ministered, there was an appreaable nse m the 
serum calcium at the end of a week, often at the 
end of three days A daily dose of 300,000 umts 
of calciferol ^vas ineffective when given for less 
than one week A similar dose given ten days 
later, however, resulted in a very definite nse in 
the serum calcium, apparent evidence of cumula- 
tive action (Case 1, Period III) The continued 
rise in the serum calcium after cessation of cal- 
afcrol administration also suggested cumulative 
action (Case 1, Penod II) 

Calciferol was administered uninterruptedly to 
(Tasc 1 for four months without the development 
of hj-pcrcalcemia Since an effort \yns made to 
maintain the serum calcium at the lower limits of 
normal, to avoid toxic manifestations, daily doses 
as large as 300,000 units were not administered 
for longer than three weeks, so that it is impos- 
sible to say w^hethcr the serum calcium would 
have continued to rise at the end of that time 
Crimm’s work (24), how^ever, on the effects of 
viosterol in tuberculous patients, seems to indi- 
cate that continued administration of large doses 
of vitamin D does result in hypercalcemia and a 
prolonged cumulative effect He administered 
the daily equivalent of 500,000 vitamin D units 
for eight to thirty-two days The serum calaum 
reached abnormal levels (138 to 185 mgm per 
cent) wuthin five days, increased wuth the con- 
tinued administration of viosterol, continued to 
rise after viosterol w^as discontinued, and re- 
mained abnormally high for as long as 213 days 
When the calcium intake was reduced to 4 
grams of the lactate m Ose 1, the serum calaum 
fell sharply and the patient developed severe 
tetany, even though 300,000 units of calciferol 
were being administered daily (Period V) Simi- 
larly, m Case 2, daily administrations of 225,000 
units of calciferol without added calaum salts 
failed to raise the serum calaum, even though 
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comparable doses supplemented by calaum lactate 
had previously effected very definite nses (com 
pare Period VI wth Penods III and V) 

Bauer, Marble, and Qaflin (4) were among the 
first to demonstrate the direct relationship be- 
tween the calaum intake and the effectiveness of 
irradiated ergosterol m raising the serum calaum 
Five milligrams of irradiated ergosterol daily 
(equivalent to approximately 100,000 vitamin D 
umts) raised the serum calaum to normal levels 
m a case of hypoparathyroidism, when the cal- 
aum intake was adequate, but \va3 ineffective 
when the calaum intake was greatly reduced In 
experimental animals, on the other hand, Harris 
and Innes (25) and Shelling (2) were able to in- 
duce viosterol hypercalcemia in the absence of 
calaum from the diet The doses used, however, 
were tremendous and not comparable to those 
used in the present or other studies on humans 
The failure of some workers (9 10) to demon 
strate a nse in the serum calcium after the ad 
mimstration of vitamin D to parathyropnvic pa 
ticnts can probably be explained on the bases of 
inadequate dosage and the failure to include ade- 
quate available calaum m the diet 
The larger calaum requirement of Case 1, as 
compared to Case 2, may have been related to the 
presence of hvperth 3 T 0 idism, since, as Aub and 
his assoaates (26) have demonstrated there is an 
increased excretion of calaum in hyperthyroid- 
ism 

tnorgamc phosphorus — Shelling and his 
coworkers (11, 12) have questioned the advisabil- 
ity of using vitamin D in parathyroid tetan> since 
It primarily increases the concentration of the in- 
organic phosphorus in the blood and favors phos 
phate retention Other investigators have not 
confirmed these findings Bauer Marble, and 
Claflin (4) found that a daily dose of 5 mgm- of 
irradiated ergosterol supplemented by a high cal 
aura mtake, resulted in a decreased serum phos- 
phate and a negative phosphorus balance in a case 
of parathyroid tetany Similarly Cnmm (24) 
demonstrated m tuberculous patients fed large 
doses of viosterol a transient nse followed by a 
sustained fall in the serum inorganic phosphorus 
This transient nse m the serum phosphate ma> be 
the explanation for Shelling and Goodman’s con- 
troversial results (U) In their first patient the 
serum phosphate rose on the third day of viosterol 


administration but had started to fall by the sixth 
day when viosterol administration was discon- 
tinued Had viosterol been continued there is 
reason to believe from Cnmm’s work that the 
serum phosphate would have fallen further and 
the serum calaum could have nsen to normal 
levels 

Although the effect of calaferol on the serum 
morgamc phosphorus was not as constant as on 
the serum calaum, there was, in general, a rc- 
aprocal relationship between the serum calaum 
and serum phosphate m the present study In 
both Cases 1 and 2, the serum phosphate was 
lowered to and remained at normal levels during 
the entire period of calaferol administration 
This 13 stnkingly illustrated in the divergence of 
the serum calaum and phosphorus curves in Fig- 
ures 1 and 3 Similarly, m the four cases of 
tetany treated with calaferol by Stace) (20) and 
Elliott (19), there was a reaprocal fall in the 
serum phosphate as the serum calaum rose 

The diet is no less important in its effect on the 
serum pbospliate than ft is on the serum calcium 
level As has been demonstrated by Shelling and 
Goodman (H) and others (10 27), high phos- 
phorus diets predispose to hj'pcrphosphatcmla 
whereas low phosphorus diets result in a reduc- 
tion of the serum phosphate The use of high 
calaum-low phosphorus diets in parath>roid 
tetany is to be commended as a logical procedure 
Both subjects of this investigation were on a 
relatively low phosphorus (less than 2 0 gram) 
and high calaum intake. The diet undoubtedly 
played some role in lowering the scrum phosphate 
but the major effect must ha\c been due to vita 
mm D Since the average serum phosphate level 
on the diet alone ivas 4J9 mgm per cent in Case I 
and 5 6 mgm per cent m Case 2 whereas the 
averages for the calaferol periods were 2 8 mgm 
per cent and 4 1 mgm. per cent rcspccfucfy 

Mode t)f tntcinm D action — Since they were 
able to protect monkeys against dietary tetany 
with irradiated ergosterol when the parathyroids 
were intact but not after they had been removed 
Hess and Lewis (28) concluded that irradiated 
ergosterol acted b) stimulating the parathyroids 
Grcenwald and Gross (29) came to a similar con 
elusion and suggested the presence of acccssoiy 
parathjTOid tissue to explain the acliwty of \nta 
min D in panith>Toidectomizcd animals 
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Bauer and his associates (4, 7) and others (30), 
on the other hand, have refuted the parathyroid 
theory^’ of vitamin D action and have demon- 
strated that, both in normals and patients suffer- 
ing from hypoparathyroidism, the essential action 
of irradiated ergosterol is to increase absorption 
of calaum and phosphorus from the intestine In 
normals, the excess calcium and phosphorus ab- 
sorbed IS rapidly excreted so that there is very 
little change in the lime salt balance (7) Where 
there is a deficiency of calcium and phosphorus in 
the serum and bones, as in osteoporosis and osteo- 
malacia, the extra calcium and phosphorus ab- 
sorbed are retained m the serum and then de- 
posited in the bones (31) In hypoparathyroid- 
ism the action of vitamin D appears to be some- 
what different There is an increased absorption 
of calcium from tlie intestine, some retention m 
the scrum, and an increased excretion in the urine 
Phosphorus, on tlie other band, appears to be ex- 
creted in increased quantity through the bowel, 
while the scrum content falls (4) This apparent 
loss of phosphorus in the feces does not preclude, 
however, the possibility of increased absorption, 
since, as Shelling (32) has pointed out, the excre- 
tion of phosphorus through the bowel is an im- 
portant mechanism when the kidneys arc no 
longer able to handle an excess 

Although the theory that vitamin D increases 
the absorption of calcium and phosphorus from 
the gut explains the effects of moderate doses, it 
cannot explain the development of the h}’pcr- 
calcemia and negative calcium balance that occurs 
when large doses of viosterol are administered to 
animals on calcium-free diets (2) Taylor and 
his associates (33) feel that excessive doses re- 
verse the usual effects of viosterol, resulting in 
decalcification of the bones and a negative cal- 
cium balance, by stimulation of the parathyroids 
Shelling (12) has analyzed Taylor*s experiments 
and pointed out that they “ neither prove nor dis- 
prove that the parathyroids regulate the activity 
of vitamin D ” 

The present study of pure crystalline vitamin 
D 2 (calciferol) adds but little to the solution of 
this problem, since calcium and phosphorus bal- 
ance studies were not earned out In general, the 
response^was similar to that seen with crude ir- 
radiated ergosterol in paratliyroid tetany (4) 
The dependence of calciferol on an adequate cal- 


cium intake m raising the serum calcium, sug- 
gested increased absorption or possibly decreased 
excretion m the gut The reduction of phos- 
phatcmia could have been due to deposition of 
phosphorus in the bones, increased excretion into 
the intestine, or increased phosphatuna In the 
light of Bauer's work (4) on irradiated ergosterol, 
the last would appear to be the most likely 
Cnmm and Strayer (34), using doses of vi- 
osterol large enough to induce hypercalcemia in 
tuberculous patients, noted an increase in the 
scrum total proteins, the albumin fraction and the 
pH, and a decrease in the globulin fraction and 
the chlorides The carbon dioxide content re- 
mained constant In the present study no sig- 
nificant changes were noted in the concentrations 
in the scrum of any of these substances 
Toxicity of vitainiu D — ^Excessive doses of ir- 
radiated ergosterol ha^e been shoum to be toxic 
for man (35) and experimental animals (6, 8, 
25) Shohl, Goldblatt, and Brown (16) found 
that rats fed 4 mgm of irradiated ergosterol 
(Vigantol) daily, lost weight and died in from 5 
to 14 days wth hypercalcemia, decalcification of 
the bones, parcnchyTnatous lesions and metastatic 
calcification of the kidneys, heart, blood vessels, 
and gastric mucosa In two infants who died of 
hypervitaminosis D, Thatcher (36) described 
pathological calcification and cellular infiltration 
of the kidneys, fatty degeneration of the liver, 
but no calcification of the blood vessels or soft 
tissues That toxic manifestations may^ occur 
\Mthout pathological calcifications has been dem- 
onstrated by Shelling (32) and others (25) The 
artenal calafications seen m cxpenmental h}per- 
vitaminosis D do not appear to be related to the 
arteriosclerosis of man, but represent a deposition 
of calcium limited to the media, similar to that 
seen m Monckeberg's sclerosis (8) 

The pathogenesis of metastatic calcification is 
unknown, but it appears to be related to the pres- 
ence of hypercalcemia and/or hyperphosphatemia 
(30) Ham and Portuondo (37), however, were 
not able to demonstrate a direct relationslup be- 
tween the level of the serum calcium and patho- 
logical calcification, and suggested tliat the pre- 
cipitation of calaum in the tissues was due to a 
change in the state of the serum calaum ratlier 
than its level Smitli and Elvove (6) believed 
that hyperphosphatemia w^s the determining fac- 
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tor, since they found that hyperphosphatemia, m 
tlie presence of even a shght increase m the serum 
calaum, resulted in metastatic calcification, while 
hypercalcemia m the presence of a normal or low 
serum phosphate never gave nse to abnormal cal 
afications That the phosphatase content of the 
tissues may play a role in the deposition of cal- 
aum has been suggested by Hams (30), on the 
basis of Martland and Robinson’s studies on ossi- 
fication (38) 

The toxiaty of vitamin D is dependent, at 
least in part, on the diet and renal funebon (8, 
39) High phosphorus intake and renal impair- 
ment, wluch result in phosphate retenbon, pre- 
dispose to greater metastabc calaficabon 

The toxic symptoms of viosterol overdosage m 
man have been best described by Reed (35), who 
studied the effects of tremendous doses in pabents 
\vith hay fever and related condibons Of the 
300 pabents studied, 43 developed one or more of 
the following symptoms unnary frequency, ano 
rexia, nausea, vomibng diarrhea, loss of weight, 
muscle weakness, muscular mcoordiimbon and 
disturbed equihbnum Reed feels, however, that 
“ there need be httle apprehension about the ad- 
mmistrabon of amounts up to 150,000 interna 
bonal umts daily for indefinite penods ” and that 
doses equivalent to those given dogs to produce 
medial sclerosis have never been given to man 
In the elderly pabents he studied, there did not 
appear to be any evidence of increased arteno 
sclerosis or hypertension Cnmm (24) was un- 
able to demonstrate any evidence of decalafica- 
bon, sudi as is seen m experimental animals, m 
pabents with hjrpercalcemia of long durabon 

Many of the studies on hypervitammosis are 
open to question since tlie vitamin products used 
(chiefly Vigantol) have been shown to contain 
toxisterol (13) That vitamin D itself, however, 
IS toxic when given in large enough amounts, is 
borne out by the fact tliat the pure crystalline 
vitamin Dj (calaferol) has been shown to be 
toxic for cjqienmental animals (17) and man 
( 20 ) 

The two subjects of this report exhibited none 
of the usual symptoms of vitamin D toxiaty dur- 
ing the admimstration of calaferol There was 
no direct evidence of metastabc calafication and, 
since the serum calaum and scrum phosphate 
were kept within normal limits, there wus no rea- 


son to suspect that it occurred The mild degree 
of dccalaficabon of the bones m Case 1 was prob- 
ably related to the long standmg state of hyper- 
thyroidism, and the dimimshed renal function m 
Case 2 can probably be attnbuted to tlic presence 
of pyelibs 

Advantages of calaferol over parathonnonc tn 
chronic tetany — ^The transient effect, tlie necessity 
for repeated subcutaneous injections, the tend- 
ency toward a negabve calaum balance, and the 
possible deleterious effects on the remaining para- 
tliyroid bssue (12) make the prolonged use of 
parathormone in chronic tetany objecbonable 
Calaferol, on the other hand, has a prolonged 
effect, may be given orally," tends to increase cal- 
aura retenbon and if Shelhngs theory (12) is 
correct, may lead to a hypertrophy of tlie remain 
ing parathyroid bssue The objeebon raised by 
Shelbng and Goodman (11, 12) that vitaram D 
raises the serum phosphate in addibon to the cal- 
aum and is, therefore, not effecUve, has been 
sho^vn to be mvahd The necessity for frequent 
determinabons of serum calcium and phosphate, 
to control dosage, is equally true of parathormone 
and calaferol The danger of toxic effects did 
not appear to be any greater w^th calaferol than 
^vlth parathormone admmistrabon 

Since calaferol is relatively slow in its acbon, 
tlierc appears to be a place for parathormone 
therapy where a rapid nse in serum calaum is 
desir^ Thereafter, the use of calaferol would 
appear to be advantageous Calaferol is not ad- 
vocated as a umversal therapeutic agent in tetany 
but is recommended in those cases of chronic 
parathyroid tetany which do not respond to high 
calaum low phosphorus diets, and in which satis- 
factoiy parathyroid gland transplants are not pos- 
sible, 

SUMMARY AND CO^CLUSIO^S 

1 Two cases of chronic parathyroid tetanj 
were presented which faded to respond to the 
usual thcrapeubc agents used in such cases 

2 Calaferol (crystalline vitamin Dj) satisfac- 
torily controlled the tetany and inaintaincd the 
scrum calaum and phospliatc at normal Icx^cls in 
botli pabents for penods of four and six months 
respeebvely 

3 The action of calaferol appeared to be dc 
pendent upon an adequate calaum intake. 
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4 No toxic manifestations were demonstrable 
with the doses of calciferol used 

5 Calaferol is recommended as a valuable 
therapeutic agent in cases of chronic parathyroid 
tetany which do not respond to high calcmm-low 
phosphorus diets and m whom satisfactory trans- 
plants of parathyroid gland arc not possible 
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TABLE I 


The ahsciicc of sulf^ and niclhemoglohtnetnta \n patients 
shoioing cyanosis after sulfamlamtdc treatment 


Date 

Dingnosla 

Cy 

ano- 

Hs 

1 

Hem O' 
gloUn 

Blood 

Iron 

Calcu 

latcd 

CO 

capac 

Ity 

Me as- 1 
ured 
CO 
capac- 
ity 

Poesiblo 

Bulf- 

and met- 
fiemo- 
j^obin 

i9S7 

April 22 
May 11 

PuerpCTiil ttpsia 

-h 

fframt 
Pfr , 
100 ml 
013 

mom 

li^ml 

30.50 

rdumrj 

per 

12 20 

folumfi 
per cent 

12J20 

None 

Puerperal cepeis 

t 

0^4 

30 95 

12 38 

12.39 

None 

Mny 17 

Pueiwnleep^ ' 
Bcpuccmla after ' 


010 

20 4 

810 

818 

None 

July 3 


12.05 

42 4 

16 90 

16 90 

NcgUrfblo 

AuRust 21 

hand Infection 

T 

++ 

11 13 

37 4 

14 90 

14 88 

NegUp^Ue 

October 1 

Ear and brnln 

+ 

786 

26.3 

10.52 

io;j 2 

Ncgllgibio 

October 13 

abscess 

Scarlet fever 1 

++ 

7 42 

24 8 

9 92 

9 81 

Negligible 

J9S8 1 
Pcbniary23 j 

Puerperal fcpsls 

++ 

0 05 

30.3 

12.12 

12 00 

NegUgiUo 


sulfanilamide were always between 5 and 10 
mgm per cent, when determined In these con- 
trol expenments, therefore, concentrations of this 
order were maintained As the data m Table II 
show, sulfanilamide has no effect upon the CO 
capaaty of either met- or sulfhemoglobin 

TABLE II 

The failure of sulfanilamide to affect the CO capaaty 
of met- and sulfhemoglobin 


Mclhcmoglobin 



1 

Hemo 


Sulfanilamide 


plus 

met- 

hemo 

Elobln 

Active 

hemo 

filobin 

5 

mem 

per 

cent 

10 

mem 

per 

cent 

20 

mem 

per 

cent 

40 

mem 

per 

cent 

CO capacity, 
volumes per cent 

13 85 
(Hy 
sulpl 

6 72 
po- 
lite) 

6 82 

7 05 

6 68 

6 82 


Sulfhemoglobin 



Hemo 

Riobin 

plus 

aiilf- 

hemo 

Riobin 


Sulfanilamide 


Active 

hemo 

globin 

5 

mem 1 
per 1 
cent 

10 

mcm 1 
per 1 
cent 1 

20 

mem 

per 

cent 

40 

mem 

per 

cent 

CO capacity, 
volumes per cent 

16 93 
(Iron) 

12 22 

12 10 

12 10 

12 22 

12 22 


Marshall and Walzl (4) found only one patient 
m seven (five of whom were cyanotic), m whom 
there was any methemoglobin This patient had 
only a small amount of methemoglobinemia which 
almost certainly could not alone have caused the 


cyanosis In the one case reported by Mull and 
Smith (5), there is the possibility that sulf- or 
methemoglobin existed However, the oxygen 
unsaturation which they observed was perhaps 
sufficient to cause cyanosis from reduced hemo- 
globin alone, there being as high as eight grams 
of the reduced form 

This observation of Mull and Smith is well 
worth checking m a senes of patients, for if such 
degrees of oxygen unsaturation do exist, the sulf- 
anilamide IS producing an anoxia The frequent 
reactions to sulfanilamide such as headache, nau- 
sea, malaise, vertigo, lassitude, tinnitus, accel- 
erated pulse and respiration, and loss of alkali in 
the urine constitute the syndrome of “ mountain 
sickness which is caused by an anoxic anoxia 
If the drug docs have this effect, perhaps the cus- 
tomary use of sodium bicarbonate wth sulfanil- 
amide is not wholly desirable The excretion of 
alkali with the fall in blood CO 2 combining power 
would appear to be a compensatory response to 
the loss of carbon dioxide blowm off dunng the 
accelerated respiration Also sulfanilamide has 
been recommended in treating pneumonia In 
pneumonia, anoxia is often alread}'* a senous 
complication 

The fact that Marshall and Walzl (4) wnth 7 
cases, Mull and Smith (5) in one case, and the 
wnter, 8 cases, have not found sulf- or methemo- 
globinemia in high enough concentration to 
cause noticeable cyanosis casts senous doubt 
upon the prevalent idea that c}^osis fol- 
lowing sulfanilamide is usually attnbutable to 
tlicse hemoglobin denvativcs This is not to deny 
that m some cases the cyanosis may be so caused 
Discombe (2) did find considerable sulfhemo- 
globmemia m six of seven cases He has attnb- 
uted tins to the concurrent use of magnesium 
sulphate \vhich presumably causes an enteroge- 
nous sulfhemoglobmcmia perhaps catalyzed by 
sulfanilamide Paton and Eaton (3) found four 
out of nineteen patients to have a methemoglobi- 
nemia, wdnch w^s proved spectroscopically I^^ 
the present senes, no patient was allowed saline 
cathartics, which might account for the absence of 
sulfhemoglobin 

From this we can only conclude tliat before at- 
tributing the cyanosis in a given case to sulf- or 
methemoglobinemia, these pigments must be iden- 
tified, and shown to be present m such concentra- 
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tion as would give the observed d^ree of eva 
nosis 

What the actual mechanism of tlie usual cyano- 
sis IS one cannot say Marshall and Walxl (4) 
suggested that a black oxidation product of sulf- 
anilamide naight possibly stain the erythrocytes 
Perhaps, as Mull and Srmth’s data suggest, re- 
duced hemoglobin is responsible This would pre- 
clude cyanosis in severely anemic patients 

SUMMARY 

Sulf- and methemoglobinemia were ruled out 
m eight patients showng cyanosis after sulfanila- 
rmde therapy The theoretical carbon monoxide 
capaaties calculated from the blood irons, and 
the measured CO capaabes check closely There- 
fore all hemoglobin is present in an active form 
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one and one-half minutes after the response to the first 
test had been elicited The time was recorded from the 
beginning of the injection until the patient perceived the 
bitter taste The injection time was also recorded, but 
since the response ma> come with a minimal amount of 
the drug, tlic time which we have used was taken from 
the start, rather than from the conclusion of the injec- 
tion 

The venous pressure was measured by the direct 
method (13), using a large antccubital \cin, the arm be- 
ing placed on a Ic\cl \\ilh the right auricle* The appa- 
ratus consisted of an L-lubc of glass attached to a 
thrcc-U'aj stopcock, a s>nngc, and an 18-gaugc needle 
The apparatus was filled with a solution of sterile normal 
saline, a venepuncture performed, and the direct pressure 
readings recorded Normal pressures with this appa- 
ratus range from 4 0 to 90 cm of saline The antc- 
cubilal vein of one arm was reserved for the injection of 
dccholm and of the other arm for the measurement of 
venous pressure In subsequent measurements the vein 
v\as entered at the site first punctured 

X-raj photographs of the heart were taken with the 
patient m the standing position, in full inspiration, at a 
distance of two meters^ Measurements of the cardiac 
area were earned out b> the technique of Levy (14) and 
estimations of volume were made as recommended by 
Bardeen (15) The volumes recorded in Table I have 
not been multiplied b> the constant winch is m Bardeen's 
formula This was done m order to make our obscrvai- 
tions comparable to those of Starr and his coworkers 
(7, 8) The patients assumed as ncarl> as possible cx- 
actl> the same position for each obscr^altlon in order to 
make comparison with subsequent ones of tins patient 
possible and to assure umfonnity from tins point of 
view In addition, each procedure m the observation was 
earned out by the same investigator 

Observations w'crc made first during the abnormal 
rhythm and later again after restoration of normal sinus 
rhythm ^ Most of the patients exhibited no clinical evi- 
dence of congestive heart failure (see text), nor were 
they anemic (16) 

PART I OBSERVATIONS RELATING TO 
RHYTHMS ASSOCIATED WITH RAPID 
VENTRICULAR RATE 

OBSERVATIONS RELATING TO AURICULAR 
FIBRILLATION 

In Table I are reported seven patients exhibit- 
ing auricular fibrillation In them, observations 
were made first during auricular fibrillation and 

2 The authors arc deeply indebted to the X-ray Depart- 
ment of the New York Hospital for their cooperation in 
this investigation 

2 Deviation from this routine is indicated m the text 
and tables 


later again after restoration of normal sinus 
rhythm 

R D (N y H No 48714), a white man, aged 32 
years, was admitted to the hospital on December 6, 1933, 
complaining of sudden onset of irregularity of the heart 
beat the day before while ''cranking an automobile*" 
The first attack occurred 11 years before when he was 
21 >cars old He had experienced approximately one at- 
tack every 6 months since then Each attack was of 5 
to 6 days’ duration Neither digitalis nor qumidine had 
been effective in terminating an attack* He had never 
exhibited manifestations of rheumatic fever When seen 
24 hours after the onset of this attack he did not appear 
aculcb ill, there were no signs of congestive heart fail- 
ure The heart was not enlarged The diagnoses were 
A, unknown, B, mitral stenosis, C, paroxjsmal auncu- 
lar fibrillation^ On December 8, 1933, when auricular 
fibrillation w^ present, measurements of the arculation 
were made, these were repeated on December 11th, 2 
da>s after restoration of normal sinus mechanism oc- 
curred spontancousl> (Table I, Figure 1) In October 
1936 we had occasion to make observabons of this patient 
during still another attack of paroxjsmal auricular fibril- 
lation Following discharge from the hospital in 1933 
he experienced attacks of paroxjsmal auricular fibrilla- 
tion at 6 to 7-month intcrv als , dunng the last j ear, how- 
cver, the frequenej had increased to 3 attacks This last 
attack began on October 25, 1936 Because of its per- 
sistence the patient was admitted to the hospital on Oc- 
tober 27, 1936 The phj steal signs were essentially the 
same as on the first admission, as before there v\ere no 
signs of congestive heart failure, and there were signs of 
carlj mitral stenosis Studies of the circulation were 
made on October 28, 1936 in the presence of auncular 
fibrillation and again on October 30, 1936, 24 hours after 
rc\crsion to normal sinus mechanism under quinidine 
thcrapj (Table I, Figure 1) Measurements of the ar- 
culalion dunng normal sinus rhjthm in 1934 were ap- 
proximatelj the same as two jears later m 1936 dunng 
this rhjthm, and no significant change in the size of the 
heart had occurred during this interval 

J R (N y H No 52524), a white man, aged 21 
jears, was admitted to the hospital on January 17, 1934, 
complaining of rapid, irregular, forcible beating of his 
heart of 16 hours’ duration He had never expencnced a 
similar attack Historj of rheumatic infection was not 
elicited Examination revealed no evidence of congestive 
heart failure After exercise a presjstolic impurity of 
the first sound w^as heard at the apex, this \vas not suffi- 
cient, however, to warrant the diagnosis of valvular dis- 
ease* The heart was not enlarged The diagnosis was 


^ The diagnoses in tins paper conform to the nomen- 
clature for cardiac diagnosis recommended by the Heart 
Committee of the New York Tuberculosis and Health 
Association " Criteria for the Classification and Diag- 
nosis of Heart Disease" New York Tuberculosis and 
Health Association, New York, 1929, 2d ed 
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grams® m 24 hours On October 27th when the heart 
rate had decreased to 92 per minute, studies were repeated 
Maintenance doses of digitalis, 0 2 gram, were now given 
daily and the use of quimdine was instituted On the 
10th day of its administration (total given 9 7 grams), 
reversion to normal sinus rhythm occurred At this time, 
November 8, 1934, measurements of the circulation were 
repeated, the patient still being under the influence of 
digitalis When auricular fibrillation recurred one week 
later, no further effort was made to restore the rhythm 
to normal sinus mechanism 

F K (N y H No 90264), a white male, aged 61 
years, w^s admitted to the hospital February 27, 1935 A 
history of rheumatic fever was not secured Syphilitic 
infection was denied He had been well until the onset 
of the present illness Five days before admission he 
began to expectorate frothy white sputum associated with 
hoarseness and wheezing respirations Three days be- 
fore admission, he experienced a sense of suffocation for 
5 minutes following which he became dyspneic on exer- 
tion On admission dyspnea, cyanosis, basal pulmonary 
rales, and slight edema were evidence of congestive heart 
failure Auricular fibrillation wuth rapid ventricular rate 
was present The heart was enlarged and x-ray examina- 
tion revealed aneurysm of the ascending aorta The 
Wassermann reaction of the blood was positive The 
diagnoses were Aj lues, B, aneurysm of the ascending 
aorta, cardiac enlargement, C, paroxysmal auncular 
fibrillation On February 28, 1935, when the ventricular 
rate was 119 per minute, observations were made (Table 
1, Figure 1) The next day digitalis 2 0 grams was given 
The day following (March 2, 1935), when the ventricu- 
lar rate was 90 per minute, observations were repeated 
On March 4, 1935, spontaneous reversion to normal sinus 
rhythm occurred and on March 6, 1935, the rhy thm being 
normal and the patient still under the influence of digi- 
talis, studies were carried out again On March 7, 
auricular fibrillation recurred and persisted 

P B {N y H No 57S69), a while male, aged 55 
years, was admitted to the hospital on April 10, 1934, 
because of urethral stricture History of rheumatic in- 
fection was not obtained For 10 years he had experi- 
enced attacks of irregularity of the heart associated 
with forceful heart beat and sensation of palpitation 
The attacks were sudden m onset and in offset During 
passage of a urethral sound the patient complained of 
“ fluttering ** of the heart Auricular fibrillation was 
found to be present The heart was slightly enlarged, 
there was no valvular defect The diagnoses were A, 
arteriosclerotic heart disease, B, cardne enlargement, 
C, paroxysmal auricular fibrillation He was given digi- 
talis On April 13, 1934, when the ventricular rate was 


® Experience with this particular batch " showed that 
this amount was required regardless of body weight to 
slow the rapid ventricular rate in the presence of auricu- 
lar fibrillation to around 70 per minute, when given 
within 24 hours, it was considered the digitalizing 
amount (17) 


98 per minute, and there were no signs of congestive 
heart failure, observations were made (Table I, Figure 
1) On giving quinidine, reversion to normal sinus 
rhythm occurred, and on April 20th, 24 hours afterward, 
studies of the circulation were repeated 

W H (Af y H No 64020), a white male, aged 24 
years, was admitted to the hospital September 16, 1935, 
because of mild recurrence of rheumatic jjifectiom He 
was discharged December 23, 1935 He had suffered 
from chorea since he was 8 or 10 years of age. At 10 
years of age rheumatic heart disease was discovered 
Mitral stenosis and insufficiency had been present since 
12 years of age. The heart was enlarged, Normal sinus 
rhythm was present The diagnoses were A, rheumatic 
fever, B, mitral stenosis and insuffiaency, cardiac en- 
largement, C, paroxysmal auricular fibrillation. On Oc- 
tober 7, 1935, when the patient was under the influence of 
digitalis and there were no signs of congestive heart fail- 
ure, observations of the circulation were made (Table I, 
Figure 1) On November 8, 1935, the rhythm changed 
to auricular fibnllation On November 20, 1935, when 
auricular fibrillation was present, the patient still being 
under digitalis, studies were made agam (Table I, Fig- 
ure 1) 

i'timmary of effects of auricular fibnllation 

1 In 7 patients, the cardiac output in all except 
one (C C ) was less during auncular fibnllation 
than after the reversion to normal sinus rhythm, 
vv^hether the patient was or was not under the in- 
fluence of digitalis at the time reversion to nor- 
mal sinus rhythm occurred In one patient (M 
R ) on cadi reversion from normal rhythm to 
auncular fibrillation, the cardiac output decreased, 
and fticrcascd agam when the normal rhythm 
superv^ened In two instances (C C and F K ) 
when digitalis ^as given during auncular fibnlla- 
tion tliere resulted increase in cardiac output and 
decrease in cardiac size,® in one of these (F K ) 
reversion to normal mechanism was accompanied 
by still further increase in output to normal limits 

2 The heart was m some instances larger in 
the presence of auricular fibrillation than after 
restoration of normal sinus rh)d;hm, and in other 
instances it was unchanged When the use of 
digitalis was resorted to, decrease in size of the 
heart was observed Results similar to this are 
reported by Stewart and his coworkers (18, 19, 
20 ) 

3 In those instances m which the arm to tongue 
circulation time was measured, it was prolonged 


® These observations are being reported at greater 
length (18, 19) 
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during aunadar fibnllation and became shorter 
on restoration of normal sinus rhythm 
4 The venous pressure vras elevated m those 
instances in which it was measured and restora- 
tion of normal sinus rhythm witnessed a fall to 
normal levels 

OBSERVATIONS RELATING TO AURICULAR FLUTTER 

There are observations of 4 patients exhibiting 
auncular flutter (Table I) In two of these 
(Cases H B and G G ) companson could be 
made between those made during auncular flutter 
and during normal smus rhythm 

H B {N Y H No 113637) a white male, aged 21 
year* waa admitted to the hospital on November 25 
1935 Eleven day* before admission he experienced 
shortness of breath, weakness fatigue, and a tight feel 
mg under the sternum on mnnuig up clcTateu railway 
stair*. Three day* before admission be vomited and on 
examination by Jus physlaan paroxyimal tachycardia was 
ducovered. The past history was not important. On 
examination there was slight cyanosis of the lips and the 
liver was palpable. The electrocardiogram showed 2 1 
annadar flutter There was no evidence of valvular dis- 
ease, The diagnoses were A unknown , B cardiac dila 
tabon C paroxysmal auncular flutter 

Mcaiurcmcnts were made on November 26 1935 when 
auricular flutter was present (Tabic I, Figpirc 1) Digi 
tails, 22 grams was given in 28 hour*, and measurement* 
were repeated on November 29th reversion to normal 
sinus rhythm having occurred the day before. More digi- 
talis was not given and observaboos were made again 
on December 2d, as well as on December 18th, 21 days 
after digitalis had been disconbnucd. To make a valid 
comparison of the effect of auricular flutter on the dreu 
latioo m this pahent, the first observabon* made during 
auncular flutter (November 26th) and the last ones (De 
cember 18th) made after excreting digitalis should be 
compared (Table I Figure 1) In this patient the pres- 
ence of auncular flutter was not associated with rise m 
venous pressure. 

G G iN Y H No 108714) a white male aged 56 
years, was admitted to the hospital on September 13 
1935 The pabent gave a history of attacks of parox 
jiraal tachycardia during the last 14 years The recent 
attack began 5 day* before admission and was assodated 
with headache, nervousness, constnetion of the chest 
weakness palpitation and vonutmg Dyspnea was pres 
ent as well as cyanosis pulmonary riles and enlargement 
of the liver The ciectrocardit^ram showed 2 I auricu 
lar flutter auncular rate 216 per mmutc. There was no 
evidence of valvular disease. The diagnoses were A 
arteriosderosli B coronary artery disease cardiac cn 
largcmcnt coronary oedusion ^ C paroxysmal auncu- 

^Thls diagnosis was not made untU after the pabent 
had been under obtcrmtion for some bme. 


lar flutter On September 14 1935, studies of the clrcu 
labon were made (Table I, Figure 1) After admmistra- 
bon of digitalis 0.8 gram, reversion to nortnal smus 
rhythm occurred he received, however, in all a total of 
1.2 grams. On September 16 1935, normal rhythm bemg 
present, observaboos were repeated as well as on Sep- 
tember 20, 1935 The abnormal rhythm m this pabent 
was assoaated with nse in venous pressure (sec also 
observabon* rciabng to vcntncular paroxysmal tachy 
cardia) It was not until the digitalis effect on the 
electrocardic^ram bad worn off that it was suspected that 
this attadc had been associated with occlusion of a p 
nary artery (see observations rciabng to uitricular 
paroxysmal tachycardia) ^ 

A G {N Y H No 94972) r White male, aged 34 
year*, was admitted to the h^jpfad on April 19, 1935, be- 
cause of tachycardia of one da/s durabon. A similar 
attack had occurred 3 months before. Valvular heart 
disease had been discovered one year earlier Eight 
months before admission dyspnea appeared since It 
progressed rapidly it required him to remain in bed. 
The heart was tremendously enlarged. There was cyano- 
sis of the Ups and the hver was palpable. The diagnoses 
were A unknown B mitral stenosis and insufficiency, 
aortic stenosis and insufficiency cardiac enlargement C 
paroxysmal auricular flutter On Apnl 20 1935, studies 
of the drculahon were made (Table I Figure 1) The 
pabent was given digitalis and m 6 days received 4.5 
grams when normal rhythm was restored Three hours 
later pulmonary edema developed and the patient died 
shortly afterward. 

A GI (N y H No 108422) a white female, aged 49 
yean was admitted to the hospital on September 25 
1935 for measurements of the circulation. She was dis 
charged the next day Auricular flutter with a slow 
ventricular rate was discovered one and a half years ago 
when the patient began to have dyspnea nervousness and 
loss of weight A diagnosis of hyperthyroidism was 
made. After thyroidectomy had been performed, auricu 
lar flutter persisted although she was given qumkJmc, as 
well as digitalis She had expcncnced no signs of con 
gcsbvc heart failure and did not exhibit any at this brae. 
The heart was perhaps slightly enlarged. In this pabent 
the funebons of the drculabon which were measured 
were all in normal range while the patient was at rest 
and when the ventricular rate wa» slow (Table I Fig 
urc 1) 

of effects of auncular flutter 

It appears that in auncular flutter with rapid 
vcntncular rate there is marked decrease in car- 
diac output per minute and very marked decrease 
per beat, with prolongation of arculation time 
and dilatation of the heart. Increase m venous 
pressure occurred in certain ones and not in 
others With restoration of normal sinus rhj'thm, 
changes in all these functions m the re\crsc di- 
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rection toward a normal level occur In one pa- 
tient who exhibited auricular flutter with a mod- 
erately slow ventricular rate approximately nor- 
mal values were observed 

OBSERVATIONS RELATING TO SUPRAVENTRICULAR 
PAROXYSMAL TACHYCARDIA 

There are observations of three patients exhibit- 
ing paroxysmal tadiycardia of tlie supraventricu- 
lOT }ype (Table I) 

M H Y H No 85620) exhibited paroxysmal 
tachycardia of nodal ;ongm She was a while female, 
aged 65 years, who had been subject to attacks of rapid, 
regular forable beaUng of the heart assoaated with 
dyspnea and weakness since she was 37 ycars^of age 
They occurred every one to two months, lasung 5 min- 
utes to 12 hours There were no known prcapitating 
factors The attacks termmated spontaneously She was 
admitted to the hospital on January 16, 1935, during an 
attack of paroxysmal tachycardia, which was auriculo- 
ventricular m origin Reversion to normal sinus rh>thm 
occurred before studies of the circulation could be madc^ 
The heart was not enlarged. The radial vessels were 
moderately thickened. The diagnoses were arteno- 
sclerosis , B, no cardiac enlargement , C, aunculoventncu- 
lar paroxysmal tachycardia On the morning of Janu- 
ary 17th, the patient had only begun to cat breakfast 
when paroxysmal tachycardia recurred She remained 
quiet for several hours after which studies of the circula- 
tion were made (Tabic I, Figure 2) Shortly after fin- 
ishmg these observations normal rh>^m recurred spon- 
taneously, and observations were repeated. Between this 
time and discharge on January 19, 1935, the patient ex- 
perienced two more paroxysms 

C F (N Y H No 80473), a white female, aged 53 
years, gave a history of having occasional attacks of 
rapid, regular beatmg of the heart, sudden m onset and 
offset for 15 years Dyspnea and weakness accompanied 
the attacks which were likely to be brought on by emo- 
tional disturbances She was admitted to the surgical 
service of the hospital on November 29, 1934, because of 
caremoma of the rectum On December 5, 1934, an ab- 
dominal exploration and transverse colostomy was per- 
formed m preparation for removal of the carcinoma by 
the permeal route There was no evidence of valvular 
disease on examination The diagnoses were A, arteri- 
osclerosis, B, no enlargement of the heart, C, aunculo- 
ventncular paroxysmal tachycardia. On December 20, 
1934, at 3 pm., paroxysmal tachycardia arising above the 
ventricles occurred when the patient was told a second 
operation was to be performed Neither ocular nor vagal 
pressure was successful in ending the attack. At 4 30 
pm, morphine, 10 mgm , was given In the evening 
(11 pm), when the heart rate was 187 per minute, ob- 
servations of the circulation were made (Tabic I, Figure 
2) Following the injection of mecholm, 25 mgm, sub- 
cutaneously, reversion to normal sinus rhythm occurred 
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Fig 2 Data Relating to Studies of the Circu- 
lation IN Patients Exhibiting Pahowsmal Tachy- 
cardia 

In this figure as well as in Figure 3 parallelograms 
and hexagons and circles indicate that the patient exhib- 
ited supraventncular and ventricular paroxysmal tachy- 
cardia, and normal rhythm respectively The numerals 
1, 2 and 3 m the parallelograms refer to Cases M H , 
C F , and R. T , respectively, and number 1 in the hexa- 
gon to Case G G , m Table I Qosed and open symbols 
indicate that the patient was or was not imder the mflu- 
ence of digitalis respectively 
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in four and a half muratca Forty five minutes later 
when normal sums rhythm was present, studies of the 
arculafaon were repeated (Table I Figure 2) 

Tht CBSt o{ R T (N Y H No 124470) a v^hite fe- 
male, aged 29 years, Illustrates the effect of auricular 
paroxysmal tachycardia. An attack started 4 days be- 
fore adnustion, continuing for half a day Tachycardia 
recurred the day before admission. It was accompamed 
by dyspnea and anorexia. The patient suffered rheumatic 
fever at 11 years of age and was told she had valvular 
heart disease. She had indulged in ordinary activitica 
since 11 years of age without discomfort. Smee 15 years 
of age she had experienced attacks of paroxysmal tachy- 
cardia lasting from a few minutes to several hours 
Spontaneous reversion to normal sums rhythm bad oc- 
curred until this occasion. The patient exhibited no 
signs of congestive heart failure. The diagnoses were 
A, rheumatic fever B mitral stenosis and insufficiency 
C auricular paroxysmal tachycardia Studies of the dr 
culation were made on February 26 1936 during auricu 
lar paroxysmal tachycardia (Table I Figure 2) The 
use of mecholm, 25 rngm. subcutaneously on two occa- 
sions resulted in reversion to normal smus rhythm for a 
few minutes only Digitalis was then given and rever 
iion to normal sinus rhythm occurred after adramist ration 
of 1.6 grams. On February 28 1936 when the rhythm 
was normal studies were repeated as well as on March 
14 1936 (2 weeks later) after excretion of digitalis The 
predse effect of the paroxysmal tachycardia m this pa 
ticnt IS revealed by comparison of the data made during 
the paroxysm (February 26 1936) with those made dur 
ing the normal firms riiytbm on March 14, 1936 after 
excretion of digitalis. 

5*1411111101^ of data relating to suprceventncular 
paroxysmal tachycardia 

It appears from studies of three patients ex- 
hibiting paroxysmal tachycardia of supraventneu- 
lar origin that this rhythm was assoaated with de- 
crease in cardiac output per minute and per beat 
and slowing of the arculation time. Rise m 
venous pressure did not occur 

VKNTRICtllAR PAROXYSMAL TACHYCARDIA 

There are studies of one patient suffenng from 
ventncular paroxysmal tachycardia (Table I) 

The hutory oi G G (N Y H No 108714) has al- 
ready been recorded (G G auncuUr flutter Table I) 
While the patient was itiU resting m bed, he suffered a 
second attack of parox ysm al tachycardia on September 
26 loss which was ventricular m orfgm at a rate of 
179 per minute. This stopped ipontaneously m 24 hours. 
The electrocardiogram after reversion to normal iious 
rhythm fuggested that this attack was associated with 
coronary ocdnsion On November 6, 1935 before al- 
lowing the patient to »it up ftudies of the circulation 


were made. At this time, when normal sinus rhythm 
was present measurements of the arculation were made 
(Table I, Figure 2) On November 8th, ventricular 
paroxysmal tachycardia recurred, it was still present on 
November 10th, 36 hours later, at a ventricular rate of 
200 per minute, and observations were repeated. The 
patient received $2 grams of quitudlnc in 3 days and 
reversion to normal smus rhythm occurred at 2 a.ra, on 
November I3th, and later m the morning when normal 
sums rhythm was still present observations were repeated 
The patient expenenced another attack of ventncular 
paroxyimal tachycardia on December 7th. He was dls 
charged December 21, 1935 

of effects of ventricular paroxysmal 
tachycardia 

Observations made of this patient before the 
onset of ventricular paroxysmal tachycardia, dur- 
ing paroxysmal tachjrcardia, and again after resto- 
ration of normal smus rhythm revealed decrease 
m cardiac output per minute and per beat, pro- 
longation of the circulation tune, and dilatation of 
the heart during this rhythm. 

PART n OBSERVATIONS RELATING TO 
RHYTHMS ASSOCIATED WITH SLOW 
VENTRICULAR RATE 

There are eight patients exhibiting certain ab- 
normahties of the rhythm in which the ventncu- 
lar rate was slow in 4 (C^es H B , G N , A R., 
and C K.) complete heart block was present, m 2 
(Cases T C and J L,) 2 1 heart block, in 1 
((2ase H J ) smus bradycardia, and in 1 (Case 
J G ) coupled rhythm due to auncular premature 
contractions (Table II) 

OBSERVATIONS IK COMPLETE HEART BLOCK 

There are observations of 4 patients exhibiting 
complete heart block (H B , G N , A R., and 
C K., Table II) 

H B {N Y H No 26415) a white male, aged 56 
years, was admitted to the hospital on March 22, 1934 
He suffered an attack of acute rheumatic fever when 36 
years ol age. At 46 years of age, insurance was re 
fused because of a cardiac “condition.” In September, 
1932 he first observed dyspnea. On April 28, 1933 the 
electrocardiogram showed normaJ sinus rhythm with 
right intraventricular heart bloric. On July 31, 1933, the 
electrocardiogram showed 3 1 heart blodc. In Decern 
her 1933 complete heart block occinrcd and persisted. 
He expenenced Stokes Adams attacks occasionally The 
heart was enlarged. He exhibited no signs of congestive 
heart failure at the time these observations were made. 
The diagnoses were A arteriosclerosis B, cardiac cn 
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TABLE II * 


Data on paltonls exhththng heart block and other rhythms associated vnth slow ventricular rate {Figure 4) 
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* See Table I for abbreviatjons 

and “d’* indicate arm to tongue circulation time recorded during systole and the prolonged diastolic penod 
respectively 

f Figure 4 was not extended to include this patient 


largement , C, complete heart block, right intraventricular 
heart block Observations were made on March 23, 1934, 
as well as 2 days later (Table II) 

G N (N y H No 46694), a white female, aged 52 
years, suffered from complete heart block which had its 
onset during an attack of diphtheria at 9 years of age. 
She was admitted to the hospital on April 21, 1934 At 
12 years of age, she suffered an attack of acute rheumatic 
fever with recurrences at 24 and 35 years of age She 
suffered cardiac symptoms first m November 1933 There 
was precordial pain accompanied by palpitation and dysp- 
nea and constnebon of the chest, lasting one to two 
minutes These attacks increased to 6 to 8 every day but 
after digitalization m the outpatient department the at- 


tacks decreased to one or two After resting two weeks, 
the attacks increased again in frequency when she at- 
tempted greater activity She was admitted to the hos- 
pital April 21, 1934, to be given larger amounts of digi- 
talis The diagnoses were A, diphtheria, cardiac 
enlargement, C, complete heart block She received 
digitalis, 1 0 gram, on April 22 and 23, 1934 At rest 
there were no signs of congestive heart failure Studies 
of the arculation were made on April 24, 1934 (Table 
II) and were repeated on May 1, 1934 She had re- 
ceived digitalis, 02 gram, daily except on Apnl 26th 
when the amount was 0 7 gram 
A R (N y N No 4025), was a white male aged 49 
years At 26 years of age, a routine physical examina- 
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Don showed a " slow pulse and a heart murmur ” Life 
insurance was refused at 31 years because of these At 
41 years he became casdy fatigued. He stiffercd an at 
tadc of rheumatic fever at 42 years followed by a second 
attack at 45 years The electrocardiogram showed in 
complete auriculoventncdlar heart blodc m February, 
1932, complete heart block had been present, however 
since September, 1932. At the tunc our observations 
were made, he experienced slight precordial pain, and 
dyspnea on exertion. Exarmnation revealed no signs of 
congestive heart failure. The diagnoses were A, rheu 
matic fever, hypertension 5 mitral insufEdency C 
complete heart blodc. On May 16 1935, studies of the 
orculation were made (Table 11 ) 

C K {N Y H No 18962S) a white male, aged 54 
years was admitted to the hospital on December 31, 1937 
complaining of diiry spells' He had never suffered 
from rheumatic fever nor chorea He had enjoyed ex 
cellcnt health until 10 weeks before admisiion when he 
began to experience cramps m the calves of both legs on 
wallong Eight weeks before admission he began to 
suffer from moderate dyspnea on exertion and five weeks 
before admission he experienced an attack characterized 
by the successive appearance of wtustlmg in the cars 
wbirlmg vertigo and bncf loss of consaousnesi The 
entire succession of events lasted about 60 seconds At 
tadu of this nature recurred daily in the 3 weeks pre- 
ceding admission. Examination on December 31, 1937, 
revealed no evidence of heart failure of the congestive 
type. Observabon of the venous pulsations m the neck 
together with auscultabon at the apex of the heart indi 
cated that the rhythm was complete heart block with a 
ventricular rate of 30 per minute. The peripheral ar 
tencs were moderately thickened and tortuous but the 
arterial pulses at both wrists appeared to be of good 
volume. The diagnoses were A arteriosderosis B 
cnlargcnient of the heart, fibrosis of the inyocardmra 
C, complete heart block alternating with incomplete heart 
block, right mtra ventricular heart block. The patient 
was kept at rest in bed, and did not experience any fur 
ther attacks. On January 6 1938 he was given ephednne 
sulphate 0025 gram, 4 times daily The drug did not 
appear to mduce any significant change m the ventricular 
rate. Studies of the arculation were made on January 
10 1938 when complete heart block was present 

Summary of data rclatttig to complete heart block 

Studies were made of 4 patients exhibiting com- 
plete heart block without congestive heart failure 
The cardiac output per minute was decreased m 
three and normal in one, and the output per beat 
was increased or only slightly decreased The 
basal metabolic rate was decreased m three sub- 
jects 

OBSERVATIONS IN 2 I HEART BLOCK 

There are studies of 2 patients exhibiting 2 1 
heart block (T C and J L., Table II) 


T C {N Y H No 111203), a white female, aged 73 
yean, was admitted to the hospital on October 30, 1935, 
and discharged November 24 1935 She exhibited signs 
of congcsbve heart failure (ascites dyspnea, slight 
edema) beginning 16 months before admission. The 
heart was enlarged. There was marked arteriosclerosis. 
The electrocardiogram showed auricular fiutter (auncu- 
lar rate 272 per ramutc) with complete heart block ven 
tricular rate 30 per minute. On November 19 1935 how- 
ever normal smus rhythm was present, with 2 I heart 
block the ventricular rate was 30 per mmute. The pa 
tient now being free of signs of congestive heart failure, 
the cardiac output was measured (Table II) The diag- 
noses were A hypertension B, cardiac enlargement 
C 2 1 heart block right mtravcntricular heart block. 

J U {N Y H No 41361) a white male, aged 71 
years, was admitted to the hospital on April 23 1936 
because of symptoms of early prostatic obstruction. 
Hypertension had been present for many years and the 
patient had suffered right hemiplegia 9 years before. 
Heart block, 2 1 was discovered m 1934 The radial 
vessels were thickened. At rest there was no evidence 
of congestive heart failure. The diagnoses were A 
hypertension B enlarged heart C 2 1 heart block 
Studies of the circulation were made on April 27 1936 
(Table H) 

5‘iiwma;^ of data relating to 2 1 heart block 

The total cardiac output per minute was de- 
creased in the presence of 2 1 heart block as a 
consequence of which the circulation time was 
prolonged. The output per beat, due to the slow 
cardiac rate, was within normal hraits 

SINUS BRADYCARDIA 

H / (N Y H No 4204S) a white male, aged 41 
years was admitted to the hospital on April 13, 1934, 
luffering from dry pleurisy of 10 days duration. There 
was no rue m temperature. Examination of the sputum 
did not reveal add fast organisms The friction rub and 
pleural pain disappeared withm a few days and con 
valesctnce was uneventful, The x ray photograph of 
the chest revealed no evidence of tuberculosis There 
was no history of rheumatic infection. Examination of 
the heart and circulation revealed no abnormality Sinus 
bradycardia was present There were no signs of con 
gestlrc heart fallare. On April 26 1934, when the heart 
rate was 47 per minute, the cardiac output was measured 
(Table II) 

Coupled rhythm due to aurtcvlar premaiure eoniraettons 

J G iN Y H No 667S3) a while male aged 68 
years was admitted to the hospital on June 1 1934 be- 
cause of the presence of dyspnea and modcrale edema of 
several weeks duration. Hc-fhad been given small 
amounts of digitalis for 5 da>s buf j been given r 
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Our own observations relating to congestive heart 
failure give evidence which points to the same 
conclusion (19, 24) The graphic representation 
of patients exhibiting complete heart block in the 
zone of normal circulatory function is in agree- 
ment with the clinical observation that patients 
suffering from this rhythm carry on for long 
periods without experiencing congestive heart 
failure The decrease in cardiac output which 
was present m 4 of our cases and 2 of Starr's (8) 
calls for comment since other observers have re- 
ported normal values (Grollman (11), p 221) 
The cases we are now reporting were m the mid- 
dle decades, yet the range from decrease to nor- 
mal was recorded We arc unable to express an 
opinion whether arteriosclerotic changes may ac- 
count for the difference m functional capacity 
It IS recalled again, however, that all fell into the 
zone of normal arculatory function (Figure 4) 

Our data show that the basal metabolic rate 
may be low m the presence of complete heart block 
and 2 1 heart block, a phenomenon to which 
others have already directed attention (8) This 
IS probably a compensatory mechanism on the 
part of the human organism, for, by decreasing 
the total oxygen requirements of the tissues, the 
cardiac output, though diminished, may be utilized 
to its fullest extent This compensatory mecha- 
nism IS equivalent to presenting this smaller 
minute volume output to an individual with a 
smaller body surface, for whose requirements it 
would be ample 

The two patients exhibiting sinus bradycardia 
and coupled rhythm (H J and J G , Table II, 
Figure 4) require no special comment, since the 
situation in them is essentially the same as in 
those having heart block 

SUMMARY 

Auricular fibrillation, auricular flutter, and 
paroxysmal tachycardia, of the supraventricular 
as well as the ventricular type were associated in 
the instances observed with decreased cardiac 
output per minute, per beat, decrease in veloaty 
of blood flow, and dilation of the heart, and de- 
crease in the work of the heart per beat As a 
consequence, these patients fell in the heart fail- 
ure zone when the abnormal rhythm was present 
The cardiac output per minute was likewise usu- 
ally decreased in heart block, but, in contrast to 



Fig 4 Left Ventricular Work per Beat and 
Cardiac Volume 


The data from Table II rclaung to work of the left 
ventricle per beat m the rhythms associated with a slow 
ventricular rate arc plotted against the corresponding 
cardiac volumes, m a manner similar to Figure 3 The 
open and the closed triangles, the triangle with a dot, the 
triangle within a triangle, the open and the closed squares, 
and the closed parallelogram refer respecti\cl> to the 
cases m the sequence thej are recorded m Table II AH 
patients fell m the zone of normal circulator> function 
except T C (solid square) who had recentb recovered 
from congestne heart failure. 

the rapid rhythms, the output per beat was in- 
creased, and the work per beat commensurate 
with the size of the heart The work of the heart 
was normal except in the instance in which the 
patient had recently suffered congestive heart 
failure A patient exhibiting sinus bradycardia, 
as well as one with coupled rhythm, at rest, re- 
sembled those with heart block and fell m the 
zone of normal arculatory function 

CONCLUSION 

The rapid regular and irregular rhythms in hu- 
man beings at rest are associated with marked de- 
crease in functional capacity of the heart, as meas- 
ured by cardiac output per minute and per beat 
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and the work per beat They were associated 
with the dDatation of the heart They are very 
ineffiaent rhythms, the work of the left ventnde 
per beat not being commensurate with the sire of 
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the heart As a consequence, m most instances 
they fall outside the zone of normal arculatory^ 
function On the other hand, rhythms assoaatedj 
with slow ventricular rate such as those illustrated\ 
by complete heart block, are not incompatible witH \ 
a normal arculatory function when the subject is 
at rest Patients suffering from these rhythms 
may exhibit lowenng of the basal metabolic rate 
as a compensatory mechanism 
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TABLE I 


Subject 1 Normal male^ age 23 years^ weight 73 kilograms 





Urine 

Blood 

Date 

Time 

Medication 




Scrum 

COi 


Sul 




Volume 

COi 

content 

pH 

Serum 

pH 

fanil- 

amide 

heitio- 

Elobin 






content 

concen 

concen 









tration 

tratJon 

19S7 



cc 

volumes 
per cent 

1 

1 

volumes ' 
per cent i 

1 

1 

mem 
per cent 

per cent* 

October 30 

900 a m 


126 

4 1 

5 29 






9^5 


90 1 

68 

5 63 






11 00 


272 

18 5 

6 14 






1 30 p m 


270 

KlilS 

6 74 



1 



4 15 


181 ! 

■En 

6 27 






630 


221 1 

17 9 

6 22 





November 1 

835 a m 

9 00 

14 7 grams sulfanilamide from 

1 

44 

1 

33 

4 97 

73 0 

7 40 





9*00 to 11*00 a m 





1 




930 


43 

182 

6 20 






1030 


150 

150 0 

7 37 






11 45 


170 

170 0 

7 55 

1 


1 



1 26 p m 
135 


446 

179 0 

7 53 

66 5 

7 43 

23 8 

13 


330 


398 

161 0 

7 51 






430 





66 6 

7 40 


13 


435 


199 

148 0 

7 55 






630 


326 

123 0 

7 43 






935 


275 

109 0 

7 35 





November 2 

9*05 a m 

1 11*00 

1 

1 

329 

I 45 0 

6 76 



92 

10 


* Methemoglobm concentration expressed as per cent of total hemogJobin pigment 


tion of bicarbonate, there was a fall m the serum 
carbon dioxide content which ranged from 5 5 to 
24 7 volumes per cent During this period, we 
observed in every case a slight rise in the serum 
pH 

The production of alkaline urine with simul- 
taneous reduction of the carbon dioxide content 
of the blood serum and rise in serum pH has 
been described by a number of investigators (10, 
11, 12) as the result of voluntary hyperventilation 
The accepted explanation for these changes is as 
follows The h 3 ^erventilation lowers the carbon 
dioxide tension of the alveolar air and conse- 
quently that of the plasma The immediate result 
of the decreased plasma carbon dioxide tension is 

BHCOa 

an increase in the ratio of with an in- 

HXOs 

crease in the plasma pH One manifest com- 
pensatory response to this alteration is the in- 
creased excretion of bicarbonate by the kidney 
in an effort to reestablish the normal ratio between 
bicarbonate and carbonic acid, upon which the 
pH of the plasma depends The reduction of 


base bicarbonate in the serum probably should 
not be attributed wholly to the excretion of bicar- 
bonate by the kidney At an elevated pH of the 
blood serum, other blood buffers, particularly 
phosphates and proteinates, claim more base, 
which is yielded by bicarbonate In addition, 
chlonde shift from the red blood cell to the plasma 
would tend further to reduce bicarbonate, as 
would also the slight and transient ketosis which 
seems frequently to be associated with the alka- 
losis of hyperventilation (13), and whicli we have 
also noted following sulfanilamide administration 
Aside from such mild ketosis, however, there 
seems to be no other aad accumulabon , certainly 
there is no significant rise in lactic aad, which 
conceivably might occur as a result of anoxemia 
secondary to methemoglobm formation Accu- 
mulation of phosphate has been sho\vn not to 
occur and elevation of serum sulphate seems very 
unlikely Even if abnormal acid accumulation 
were to occur and explain the reduction m serum 
bicarbonate, we would still have to explain the 
nsing pH of the serum 

Our findings m regard to the direction of the 
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TABLE n 

Subject 2 Normal femaU, ate 33 years voettht 47 hlcgrams 


Dftte 

Time 

1 

Medication 

Urlna 

Blood 

Volume 

COi 

content 

1 

1 

pH 

Semro 

COi 

content 

Seram 

pH 

Sul 

fonU 

amide 

concen 

trmtioo 

Met 

bemo- 

tioUn 

coocen 

tratJon 

Serum 

lactic 

add 









wm 


mEw 

10S7 




tur ctni 


Per cent 


Ptr c*nt 


P*r C47ti 

November 2 

9^ a m 


160 

447 

6 82 







10^ 


120 

27J 

6 82 

1 






11^ 


220 

12 7 , 

643 

1 






p m 


i 229 

5J 

585 


1 

1 




3-00 


1 121 

22J ' 

6 65 



1 




4-45 


179 

15 1 

6 43 




1 


November 3 

9 15 a iTL 





67 2 

7J7 1 





9J6 


81 

65 

584 







10^7 

94 fiolfanHa 

1 186 

96 5 

7J5 


1 






amide from 9 J7 to 








1 



11J7 atm 


1 






1 


11:05 


, 200 

1 897 

7J9 







11^7 





54 2 

7 42 


5 



12-02 


291 

86J 

744 




1 



1 11 p m 


198 

1210 

7J1 

1 



1 

1 


230 


53 

98 7 

7J7 









251 

913 

748 




1 



3-45 


1 86 

127 0 

7 73 







4 JO 


1 



50 5 

7 43 


8 

232 


5 15 


1 246 

163 0 

7 76 


1 

1 




6 JO 


84 


I 







8-45 


108 

; Alkal 

tne to 









182 

1 broracresol 






November 4 ' 



1 153 

1 purple 



1 






250 









7J7 ' 


142 

5J 

560 



1 




9 15 





42 5 

' 740 

4 7 




1-45 p im 





50 8 

738 





pH change of the blood serum are m apparent dis- 
agreement with those reported by Marshall et al 
(5) m dogs It can be seen from our data that 
the pH values for the blood serum increased in 
every expenment Although the changes were 
not very marked in some of the experiments, they 
become more significant when we consider that 
if the decrease in the carbon dioxide content of 
the blood serum were to be explamcd on the basis 
of acidosis, one would expect a definite fall in 
the pH value of the serum of about 0 10 (14) 
In the Six experiments on three dogs reported by 
Marshall, the first actually showed a nse in serum 
pH of 0 06 dunng the period m which the carbon 
dioxide content of the serum fell 17 5 volumes 
per cent In the second, and the only one in 
which an abnormally low pH ^vas obtained, the 
carbon dioxide content of the serum actually rose 
dunng the penod m which the pH of the serum 
vus shown to falL In the third, the ^^at^on m 


the pH of the serum dunng the control penod 
was as great as the interpreted fall dunng the test 
penod, and the pH of the scrum at the end of 
the expenment was the same as at the beginning 
In the other three expenments, a fall m the pH 
of the serum was obtained simultaneously with 
the reduction m the carbon dioxide content of 
the serum, but in only two of these was the fall 
commensurate with that expected from the degree 
of reduction of the carbon dioxide content of the 
serum (14) Whether, as Marshall suggests, 
some of his apparently discrepant results arc ow- 
ing to respiratory disturbances because of diffi- 
culty m controlling the expenmental animals, and 
whether the difference between hia findings and 
ours depends upon the larger doses of sulfanilam- 
ide which he used, cannot be stated, but it seems 
justifiable to conclude from our data obtained on 
human subjects that the change in the aad base 
balance is that of a carbon dioxide defiat type of 
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TABLE III 


Pattenl 1 Femak, age 14 years, weight 55 kilograms {Subacute backrtal endocarditis) 





Urine 

Blood 

Date 

Time 

Medication 




Serum 

COi 


Sul 

' Met- 





Volume 

COi 

content 

pH 

Serum 

pH 

fanll 

amide 

hemo 

globin 

Scrum 

lactic 






content 

concen 

concen 

add 



— 1 






tratlon 

tration 

1957 



cc 

volumes 
per cent 


volumes 
per cent 


mem 
per cent 

per cent 

mem 
per cent 

October 23 

11 00 a m 



39 

5 22 1 






730 p m 



62 

5 78 






October 24 

200 pm 



57 ! 

5 66 1 






October 25 

9 20 a m 

110 grams sulfanila- 


34 

4 85 








mide from 8 45 a m 
to 1200 m 





j 





930 

1200 m 


242 

161 0 

7 69 

67 3 

7 37 





1 25 p m 

2 15 


122 

104 0 

7 60 

61 0 

7 42 

21 7 

12 



400 

110 grams of sul- 

268 

197 0 

7 79 








fanilamide per 24 
hours in 6 doses 










7 15 


132 

207 0 

7 87 







800 






7 45 

17 6 

10 



lOOO 


1 122 

168 0 

7 69 

^ 56 0 





October 26 

330 a m 
900 


116 

13 8 

6 13 

j 50 0 

7 40 

17 9 

11 



90S 


139 

18 8 

6 42 







1235 p m 


134 

49 8 

6 99 







3 40 


126 

73 0 

7 12 







5 10 


46 

36 3 

6 89 







8 15 


i 100 

39 6 

6 74 






October 27 

7 30 am 
800 


296 

52 

5 08 

51 0 

7 37 


6 

23 9 


ilkalosis rather than that of an alkali deficit type 
)f acidosis 

Disregarding the discrepancies m serum pH 
lata, our conclusions still seem logical The only 
other explanation for a fall of serum carbon di- 
oxide content with a simultaneous increase m uri- 
nary pH to values above 7 is, as Marshall sug- 
gests, a failure of the tubules to reabsorb bicar- 
bonate, and there is considerable evidence against 
this supposition In several of our experiments 
the unnes were tested for dextrose, and none of 
them produced any reduction of Benedict's quali- 
tative reagent, so that dextrose, at least, was re- 
absorbed normally Aside from alkalosis, the 
only commonly known cause for failure of re- 
absorption of bicarbonate by tubular epithelium 
as the very rapid passage of unne through the 
tubules leading to polyuria, which was true neither 
m Marshall's expenments nor to an extensive 
degree m our own Marshall, on the contrary, 
has shown that the rate of glomerular filtration 
IS decreased and that there is no pathological or 
laboratory evidence of kidney damage with the 


doses of sulfanilamide employed Besides these 
indirect evidences against the possibility of failure 
of the tubules to reabsorb bicarbonate, an expen- 
ment to be described later in this paper offers di- 
rect evidence that such is not the case The data 
for this experiment are given in Table V Am- 
monium chloride was given preliminary to the ad- 
ministration of sulfanilamide, and the unne be- 
came practically free of bicarbonate It can be 
seen from Table V that the pH of the unne re- 
mained as low for five hours after the sulfanilam- 
ide was given as it was during the tsvo hours pnor 
to its administration If there were to have been 
failure of the tubules to reabsorb bicarbonate due 
to the sulfanilamide, there is no reason to sup- 
pose that ammonium chloride would have pre- 
vented this effect We believe, therefore, that 
the fall of serum carbon dioxide content following 
sulfanilamide administration may m most in- 
stances be explained pnmanly on the basis of 
carbon dioxide deficit resulting from hyper- 
ventilation 

In some cases, hyperventilation may not be 
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TABLE rV 

Paiunt Z FtmaUf oje 9 yean ■ajcif&t 20 kilcpwns (Pyeliiw) 



1 


Urine 

Blood 

Date 

Time 

McdicaUon 

Volume 

COi 

content 

pH 

Eennn 

COi 

Semm 

pH 

Sol 

fanll 

smlde 

Met 

hemo- 






content 

coDcen- 

concen 









tintion 

Untlon 

1037 



u 

rolumii 
Ptr unt 


folemu 
0«r crnl 


ptr uni 

fer uni 

November 4 

5*45 p in 


216 

24.5 

620 





November 5 

6 10 a m. 
8*45 

Methylene blue 2 cc, 1 per cent 

91 

47 

5 41 

58 7 

7 42 





solution intraveiiou*!y 









9.20 

4 0 E^ratna, suIfanHarrude from 

51 

49 

5 65 1 







9-00 to 11*00 a m. 









10J5 


159 

62 7 

7.53 






11 10 


90 

39 8 

7.27 






IIJO 

Methylene blue 1 cc, 1 per cent 




61.5 1 

7 43 ! 

11.2 

Less 



solution intravenously 






1 

than 3 


11-40 


161 ' 

63 6 ! 

7.53 





U5 p m 
3J5 

3-40 


1 126 1 

127 0 

7 70 

1 53 2 

i 

7 45 


Less 
than 3 



141 

1410 

7 75 



1 


1 4^)0 

4 0 grama of sulfanilanude per 










24 hours in 6 doaes 









7-00 


98 

149 0 

7 75 






8 10 





53 0 





8 IS 


60 

112.0 

1 765 






9.50 


90 


1 7 20 






11:00 

Sulfanilamide stopped 


1 






November 6 

8:00 a.m. 

Sulfanilamide started 2 0 grams 
per 24 hours 


1 







11-00 

121 

71 2 

7J1 






12 10 pm. 


19 

73 4 

7 77 






1-45 


60 

60.5 

7 51 






2:00 





48.2 

7 45 

50 



1 3dOS 



36S 

7 IS 





1 3.55 




7.26 






1 4J0 




7 27 





November 7 

1 10:00 a.m 




6 87 






10J5 

1 12'4Spm. 

1 



7 17 

48 0 


41 



particularly noticeable, but m certain of our sub- 
jects it was quite marked Two patients, one 
child and one adult, on whom we do not have 
preliminary data, showed very marked increase 
both m depth and rate of breathing after having 
^^^CQved both large and continued doses of sul- 
fanilamide. At the time when the h 3 q)erventila' 
hon was extreme, the serum pH values were 
found to have reached 7 55 and 7 57, respectively 
In the child, signs of tetany were present. The 
effectiveness of the hyperventilation in produang 
carbon dioxide defiat depends more upon increase 
in depth of respiration than increased rate, and 
therefore overbreathing may be easily overlooked 
until It becomes quite jnarked 
In endeavoring to explain the hyperventilation. 


we wished particularly to determine whether the 
sudden reduction in the oxygen carrying capiacity 
of the blood resulting from the rapid accumula- 
tion of methemoglobm might he largely responsi- 
ble. We therefore prevented the accumulation 
of any appreciable amount of methemoglobm in 
Patient 2 by the injection of methylene blue (7) 
Despite the fact that the methemoglobinemia was 
extremely slight, the pabent obviously hyperven- 
tilated and the usual chemical changes ensued 
Furthermore there appeared to be no correlation 
in other cases between the degree of methemo- 
globm accumulation and the extent of bj^per- 
vcntilabon 

SjTnptoms which developed follownng these 
large doses of sulfanilamide varied considerably 
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in different individuals, but those most consistently 
noted were as follows Within thirty minutes 
after the first dose had been taken, vertigo was 
experienced, and witliin two hours, hyperventila- 
tion, nausea, anorexia, increased thirst, and cy- 
anosis were also noted These symptoms contin- 
ued and were accompanied by drowsiness, irrita- 
bility, and very evident mental confusion involv- 
ing principally false perception of intervals of 
time, extreme difficulty in concentration, and slow 
response to simple questions Usually there was 
no gross disorientation Recovery from the sub- 
jective symptoms, in tlie normal subjects, was 


not complete for forty-eight hours, with vertigo, 
anorexia, and drowsiness persisting throughout 
the day following drug administration It is in- 
teresting to note the similarity of many of these 
symptoms to those descnbed by Collip and 
Backus (10) and Lepper and Martland (12) in 
subjects who voluntarily overbreathed and became 
alkalotic Dizziness, drowsiness, and increased 
thirst were charactenstic, as well as irritability, 
unreasonableness, and a lowering of the cntical 
faculty 

To test to what extent the subjective symptoms 
which we observed following the administration 


TABLE V 

Subject 2 Normal female, age 33 years, mtghl 47 hlograms 


Date 

Time 

Medication 

1 

Urine 

Blood 

Scott 

Wilson 

expired 

air* 

Volume 

pH 

Ferric 

chlo* 

ride* 

Scrum 

COi 

content 

Scrum 

pH 

Scrum 

inor- 

ganic 

ph03 

phorus 

Scrum 

lactic 

add 

Sul 

fanil- 

amidc 

concen 

tration 



1 




rolumes 



mcm 

rnftn 





cc 



Per cent 

1 

per cent 

percent 

per cent 


December 26 

11 15 pm 





61 2 

7 42 ' 

38 




December 27 

1205 am 

Ammonium chloride 2 grams 





1 






3 00 

Ammonium chloride 2 grams 








1 



600 

Ammonium chloride 2 grams 











7-05-8 00 


77 

4 66 1 

1 


1 






830-9^7 


167 

4 68 

0 1 







1 

10 14 




1 

50 5 

7 35 


15 8 ' 




10 15 

Ammonium chloride 3 grams 


1 










9 7 grams sulfanilamide 


1 










from 10 15 a m to 12 IS p m 











10 23 


92 

4 48 ' 

0 1 








11 13 

1 

248 

4 57 

+ 








11 15 

Ammonium chloride 3 grams i 











11 45 










+ 


12 IS p m 


238 

444 

+ 








1 03 


275 

4 45 









1 15 





37 3 

7 32 

34 

14 5 

112 



130 


217 

4 57 

+ 








300 


350 

4 47 

+ 

1 







4 15 





, 35 0 

7 30 






4 50 


163 

4 82 

+ 








7 18 





37 6 



18 5 

94 



7 20 


216 

1 4 85 

1 + 

1 

j 




+ 

December 28 




Acid to 











meth'' 

red 








8^0 a m 


56 


+ 








* It will be noted from the data in Table V that within an hour after the first dose of sulfanilamide, the unne gave a 
slightly positive test with feme chloride and the reaction became strongly positive v, ithin four hours, and remained so for 
two days The color which developed with feme chloride was not the t>^pical Bordeaux red customarily seen wth clinical 
ketosis, but was more purple and very intense The Rothera test also was positive Coinadent \Mth the positive fmic 
dilonde tests in the urines, positive Sirott- Wilson tests were obtained when the subject blew through this rea^nt u^en 
the serum filtrates were distilled into Scott-Wilson reagent preliminary to lactic acid determinations, positive tests also 
resulted Quantitative estimations of acetone bodies were not made at the time of the expenment, but some days 
one of the specimens of urine which still showed strongly positive feme chloride and Rothera tests, when reflux^ with 
Van Slyke*s mercuric sulfate reagent (IS), gave insignificant amounts of preapitate Further investigations 
findings are to be made in an effort to determine the significance and the extent of the ketosis which is su^ested by the 
positive qualitative tests, and to determine the r6Ie that ammonium chloride may have had in produang these reactions, 
whidi persisted for an unusually long penod 
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I of the drug are related to alkalosis and to what 

I d^rec tolerance may be acquired by repeated ad- 

' ministration the following expenraents were 

made Over a period of twelve hours, one of the 
normal adults. Subject 2, was given the amount 
of aramomum chlonde calculated to lower the 
carbon dioxide content of the body fluid IS vol- 
umes per cent, and, at the end of this penod, was 
agam given 02 gram of sulfanflamide per kilo 
gram m two hours All of the former determma 
tions were repeated, the results of which are given 
in Table V From this data it can be seen that 
the development of alkalosis was prevented, the 
pH of the urmc remained consistently below 5 
for twenty three hours, and the pH of the blood 
serum fell from 7 42 to 7 30 Particular atten- 
( tion was given to comparmg the subjective symp- 

toms experienced dunng this experiment with 
7 those which developed dunng the former one on 
this subject In general, all the previously de- 
scribed symptoms were less marked except the 
hjqicrventilation which subjectively seemed more 
severe* However, when the sulfanilaimde ex- 
periment on Subject 1 was repeated, the results 
of which are given m Table VI, and m which the 
alkalosis was again allowed to develop, comparable 
diminution m the symptoms likewise was noted 


We feel, although the drug ^vas not taken a third 
tune by Subject 2, that the decreased mtensity of 
the svraptoms may be explained possibly on the 
basis of an acquired tolerance to the drug rather 
than to prevention of alkalosis 
Even if it IS later definitely found that alkalosis 
may not play an important role in the production 
of disagreeable symptoms, routine alkali adminis- 
tration in conjunction with sulfanilamide as rec 
ommended by Long and Bliss and adopted by 
others seems to us not only not indicated hut defi- 
nitely undesirable under certain circumstances 
It 13 true that amounts of alkah as recommended 
(10 grams of sodium bicarbonate with each dose 
of sulfanilamide) and even much more in the 
form of sodium lactate may at tunes be rapidly 
excreted into the unne without interfenng with 
compensation for carbon dioxide defiat (4) 
When however, a defiaency of total fixed base 
in the body fluids is present (such as occurs for 
instance when marked vomibng with loss of aad 
gastnc juice is assoaated with acute infections 
of the unnaiy tract), the physiological renal re- 
sponse IS restnebon of base excretion into the 
unne and the consequent formabon of aad unne 
(low m bicarbonate) In such cases another type 
of alkalosis is often present — due to excess of 


TABLE VI 


Subject 1 Normal mcle age 23 years, wetzkl 73 kUcgrams 





Urioe 

Blood 

Datt 

Ttac 

1 Mcdk»llon 

Volurat 

j pH 

1 

Stfrnm 

COi 

1 

Serum 

pH 

Sol 
fanll 
amide i 

Met 

bemo- 

Clobln 

Serum 

lOOT 
fa tile 






content 

cooeen 

coaten , 

phoa- 








tratkm 

tration 1 

pborna 

j IM7 



1 

K 

1 

' rofmmej 
prr cnH 


wtem 

pfr cent 

rntm 

Ptr cent 

f December 29 

9-05 a m* 
10-05 

1 


544 

75 0 

7J5 



38 




123 

6J5 






1 lOJO 

15 0 BulfanilamKie from 1 

lOJOmra to 12 JO pm j 









, 11^ 

162 

7 24 









544 

7 47 






f 

1 15 1 


367 

7 45 







1-45 1 




67 9 

7 40 

18 0 

13 

40 


JS5 


340 

7JS 







322 

7J5 

1 





\ 

4J0 

Methylene blue 7*5 cc- 1 per 



63 8 1 

7 40 

18 9 

16 


V 


cent eolation Intravenouily 

1 

7 67 

1 





5*20 


392 

1 





} , 

7-45 


203 , 

7 59 






j ' 


1 



650 


15 4 



( 

9J0 

1 

Alkaline to brorocresol 





1 December 30 




purple 





1 


1 
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bicarbonate in the blood, compensation for which 
IS depressed respiration and not excretion of alkali 
into the urine Further alkali administration 
could only increase the degree of alkalosis, and 
add to its danger 

It should be noted from the tables, however, 
that the reaction of the urine may swing back to 
the acid zone, even though sulfanilamide adminis- 
tration is continued The implications of the ex- 
planation of this are of interest When the re- 
duction of the base bicarbonate m the serum has 
reached the level at which, despite the decrease 
in carbonic acid brought about by hyperventila- 
tion, the ratio of bicarbonate carbonic acid has 
again reached the normal value of 20 1, then 
there is no further need to excrete bicarbonate 
into the urine, and the latter may again become 
normally acid At this time, the pH of the blood 
should be lower than it was when bicarbonate was 
being excreted in excessive amounts, and the data 
confirm this expectation The carbon dioxide 
content of the serum at this same time would still 
be reduced because both bicarbonate and carbonic 
aad are below normal levels It is easily con- 
ceivable that, with this existing bicarbonate deficit, 
a true acidosis might readily develop should ke- 
tosis, lactic, or other acid accumulation occur, or, 
on the other hand, should the hyperventilation 
suddenly cease, allowing carbonic acid to accu- 
mulate This also has a bearing on tlie treat- 
ment of unnary tract infections If it is desired 
to keep the urine alkaline m such subjects, this 
could be accomplished more safely by administra- 
tion of sodium lactate from which alkali becomes 
available gradually It should be remembered, 
however, that chloride, if deficient, may also have 
to be administered in order for alkali to be ex- 
creted into the urine, and for alkalosis of the base 
bicarbonate excess type to be avoided (16) 
Simultaneous administration of both substances 
may be accomplished very satisfactorily by using 
mixtures of molar sodium r-lactate and Ringer’s 
solution When mixed in equal parts, one to two 
cc per kilogram given every four hours should 
maintain cdkahnity of the urine with safety, pro- 
vided extreme degrees of renal insufficiency are 
not present The substitution of sodium lactate 
for sodium bicarbonate also has the advantage of 
preventing undesirable reduction of gastnc aadity 
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In 1935, Kutscher and Wolbergs (1) found 
that normal prostate tissue is extraordinarily nch 
in a phosphatase with optimum activity at about 
pH 5 0 This observation was confirmed for nor- 
mal and carcinomatous prostate tissue by Gutman, 
Sprout, and Gutman (2), who further noted the 
presence of " aad ** phosphatase at the site of 
skeletal metastases secondary to carcinoma of the 
prostate gland 

The present mvestigation was directed toward 
the possibihty that invasion of lymph or blood 
channels by prostate caremoma might result m the 
escape into the arculating flmds of prostate 
phosphatase suffiaent to cause a measurable in 
crease m the " aad ' phosphatase activity of blood 
serum Sigmficant amounts of such an " aad " 
phosphatase were found m the serum of 11 of 15 
patients with disseminated caremoma of the pros- 
tate gland The aad ” phosphatase noted in the 
scrum of these patients corresponds closely in its 
characteristics with prostate tissue phosphatase, as 
described by Kutscher and Womer (3) Its 
properties differ m sigmficant respects from those 
of recogmred phosphatases of the blood 

With the exception of one case, no appreaable 
nse in " aad ' serum phosphatase activity was 
noted m a vanety of diseases other than car- 
cinoma of the prostate gland, mduding conditions 
presenting marked increases in alkahne serum 
phosphatase activity The determination proved 
to be helpful m the diagnosis of disseminated car- 
anoma of the prostate gland 

METHons 

The method of King and Armstrong (4) has 
been shown to be readily adaptable to the estima- 
tion of phosphatase activity on the aad side of 
neutrality (2) Preliminary experiments indi- 
cated that pH 49 was within the optimum range 
of activity cf the scrum phosphatase with which 
we are here concerned and beyond the range of 


significant activity of ** alkaline ’* serum phospha- 
tase* The buffer substrate employed was M/200 
disodium monophenylphosphate m Sorensen’s 
M/10 atrate — HQ buffer adjusted to pH 4 8 
After addition of serum, the pH of the reaction 
mixture at room temperature was 4 85 (glass 
electrode measurements), and therefore approxi- 
mately 4.9 at the temperature of hydrolysis, 37° C 
The time of hydrolysis was 3 to 5 hours, except 
in most cases of metastatic prostate carcinoma m 
which the optimum time of hydrolysis was ^ to 1 
hour Apart from these deviations, the procedure 
followed was essentially that outlmed by King and 
Armstrong (4) The results are expressed m 
umts of phosphatase activity per 100 cc, of serum* 
A umt is defined as that degree of phosphatase 
activity which at pH 4.9 and 37° C will liberate 
from the specified buffer monophenylphosphate 
substrate solution 1 mgm of phenol in 1 hour 

’Alkaline” phosphatase activity of the serum 
was determined by the method of Bodansky (5) 

RESULTS AND DISCUSSION 

** Aad** phosphatase aettvdy of normal serum 
Normal sera consistently show slight but measur- 
able hydrolysis of monophenylphosphate substrate 
buffered with atrate — HQ to pH 49 (6, cf 
Roche (7)) The range of variation m normal 
subjects tentatively appears to be 0*5 to 2 5 umts 
(6), as defined above. 

That the hydrolysis is enzymatic is indicated by 
the absence of scission m control experiments in 
which substrate-buffer mixtures were maintained 
at 37° for 5 hours ivithout the addition of scrum 
A study of this reaction (6), suggests that the 
enzyme involved is not ” alkaline ’ serum phospha- 
tase* Normal serum apparently contains minute 
amounts of one or more phosphatases of the typ 
classified by Folley and Kay (8, 9) as phosr ^ 
monoesterase A, The properties of this " I 
phosphatase do not coinade with those of ^ | ^ ^ 
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No significant rise in “ acid ” serum phosphatase 
activity was found in diseases of the prostate 
gland other than carcinoma 'with metastases 
(Table IB) 

Comparison of properties of prostate tissue 
phosphatase with those of "'acid'’ phosphatase of 
the scrum of patients with disseminated carcinoma 
of the prostate gland The results summanzed 
in Table II show satisfactory agreement between 
the pH-activity curves of prostate tissue phospha- 
tase and those of serum phosphatase in two cases 
of caranoma of the prostate gland with metas- 
tases The dilutions indicated in the table com- 
pensate for differences m concentration of the 
enzyme in prostate tissue and m serum In order 
to approximate initial reaction velocities, the 
time of hydrolysis was made as short as was con- 
sistent with accurate readings Comparison with 
the data of Kutscher and Worncr (3) shows a 
general correspondence in the broad range of 
optimum activity but with the concentration of 
substrate and conditions of hydrolysis selected, 
our peak of activity was found to be closer to 
neutrality 

In confirmation of Kutscher and Womer (3), 
the activity of prostate tissue phosphatase was 
found to vary widely with different concentrations 
of p glycerophosphate substrate (Table III) 
This effect was less pronounced when molanties 
of disodium monophenylphosphate substrate vary- 
ing within the range investigated (Table III) 
were employed at the same pH Similar results 


were obtained with serum from a case of dissemi- 
nated prostate caranoma (Table III) 

Prostate tissue phosphatase is unusual in that it 
IS rapidly and irreversibly inactivated by alcohols 
(3) The “acid” phosphatase activity of the 
serum in patients with caranoma of fhe prostate 
gland IS likewise inhibited by alcohols A 1 20 
dilution of the serum of Case 1, with 249 umts 
of phosphatase activity, yielded a value of 17 6 
units after one hour’s incubation with added N- 
propyl alcohol m a concentration of M/1 in the 
reaction mixture The hydrolysis in both expen- 
ments was conducted at 37° C wth M/200 mono- 
phenylphosphate substrate in M/10 atrate buffer 
at pH 5 06 

A parallel experiment performed under the 
same conditions, except for the use of sodium 
fluoride in a concentration of hI/100 in the re- 
action mixture, resulted in reducing the actiwty 
of this serum (Case 1) from 249 to 5 6 units 
As regards the inhibiting effect of fiuonde too, 
then, the “ acid ” serum phosphatase corresponds 
with prostate tissue phosphatase The “ alkaline ” 
phosphatase of serum, on the other hand, is not 
significantly inhibited by fluoride (8) This fact 
was utilized to contrast the effect of fiuonde on 
the phosphatase activity of the serum in a patient 
with disseminated prostate caranoma who pre- 
sented elevated levels of both “ acid ” and “ alka- 
line” phosphatase activitj’ (Case 3) At pH 90, 
a sample of this serum showed no decrease m ac- 
tivity when hydrolysis was earned out for one- 


TADLE in 

Effect of variations in substrate concentration on activity of prostate tissue phosphatase and 
on activity of scrum phosphatase from a case of metastasizing prostate carcinoma 


A SUBSTRATE •= /5 GLYCEROPHOSPHATE 

(Buffer M/25 citrate, time 1 hour, pH 4 37, 1 = 37° C ) 


Molar concentration of Bubstrate ] 

0 006 

0 0125 , 

0^17 

0 025 1 

0 034 

0 05 

0 10 

0 15 

0^0 

0^0 

Normal prostate tissue (vtgm phenol liberated per 100 cc exlraci I 
{1 gram of wet tissue 2360 cc of water ) ) 1 

40 

54 


11 s 


13 7 

14 9 

14 8 

i 

12 4; 

95 

Serum of Case 1 {mgm phenol liberated per 100 cc serum {1 20 
dilution) ) 

35 

5 3 

86 

10 3 

11 3 

12 5 

13 7 

13 5 

11 6 

80 


B SUBSTRATE = MONOPHENYLPHOSPHATE 

(Buffer M/10 citrate, time 1 hour, pH 4 37, / = 37° C ) 


Molar concentration of enbatrate 

0 0025 

0 005 

0 01 

0 02 

0 05 

Normal prostate tissue (mgm phenol liberated per 100 cc of extract (1 gram of 

19 8 

20 9 

23 7 

23 5 

26 9 

wet tissue 2360 cc cf water) ) 

Serum of Case 1 phenol liberated per 100 cc of serum (1 20 dilution) ) 

18 7 

19 4 

20 0 

22 2 

26 0 
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half hour at 37° C with sodium fluonde of M/20 
concentration in the reaction mixture. The same 
scrum hTierated 18.3 mgm. of phenol at pH 4 4 
but, at this pH, the conditions of hydrolysis other- 
wise unchanged, sodium fluonde of M/20 con- 
centration in the reaction mixture reduced the ac- 
tivity m one half hour to 2.2 mgm of phenol 
liberated per 100 cc serum 

A sample of the serum of Case 3 was employed 
also for a similar expenment with magnesium 
salts, which are known to activate " alkaline ” 
serum phosphatase but have no effect upon pros- 
tate tissue phosphatase (3) At pH 90, under 
the conditions of hydrolysis outlined m the pre- 
ceding paragraph, 50 2 mgm phenol were liber- 
ated in the presence of magnesium chlonde (M/50 
concentration m the reaction mixture), as con- 
trasted with 33 0 mgm phenol without the ad- 
dition of Mg ion. At pH 4 4, conditions of hy- 
drolysis otherwise imchanged, 18.3 mgtcu of 
phenol were liberated both in the presence and in 
the absence of added M/SO magnesium chloride. 
In another instance (Case 9), hydrolysis of 
M/200 phcnylphosphate for 2 hours at pH 5S7 
and 37° C with M/20 magnesium chlonde added 
yielded a value of 15 7 units as compared with 
15 8 units without Mg ion 

The absence of any activating effect of mag- 
nesium salts on the * aad * phosphatase activity 
of the serum m patients with metastasizing pros- 
tate carcinoma contrasts 'with the marked activa- 
tion of the “ aad ** phosphatase found in normal 
erythrocytes (7) These two aad ” phospha- 
tases differ also "with respect to their capacity to 
hydrolyre a glycerophosphate. Unlike erythro- 
cyte phosphatase, the “ aad * phosphatase found 
m the serum of patients with disseminated pros- 
tate caranoma hydrol3rzes the a isomer less rapidly 
than /3 glycerophosphate. A sample of the serum 
of Case 1 in 1 5 dilution liberated 172 mgm 
of phosphorus per 100 cc. in one hour from a p 
glycerophosphate substrate at pH 4.9, but only 87 
mgm of phosphorus from an a glycerophosphate 
substrate of the same molanty and under the same 
conditions of hydrolysis ^ Kutscher and Wol- 
(1) report that prostate tissue phosphatase 
splits about 10 per cent less of a glycerophosphate 
than of the p isomer 

^We arc indebted to Dr Frank L. Pyman for the a 
glycerophosphate tiscd m these ejtpcnments. 


Acid'* phosphatase actnnty of the scrum ih 
diseases other than caranoma of the prostate 
gland Included m Table IV are representative 


TABtB IV 

} 

* Aad and ' alkaltn*** phesphaiase activity of the serum in 
muceUaneous dueases 
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wns avoided on the present preparations (1) Francis 
(12) showed tint both the aectylatcd and the dcacctjlatcd 
forms of tlic Tjpe I pol> saccharide were capable of sfim- 
ulatinp the production of homologous antibody m normal 
human subjects after 3 intracutancous injections of 001 
mgm guen one week apart FcUon and Prescott also 
found the nntigcnicitj of Tjpe I pol> saccliandcs to be 
independent of tlic acctjl group (29) 

In the \anous studies mentioned, the materials were 
oblaintd from Tjpes I, II, and III pneumococci and 
were usuall> given in single or repeated intracutancous 
injections of 0 01 mgm to 0 05 mgm amounts The 
T>pcs I and II preparations gave the most characteristic 
reaction, the T\pc I preparations were most regularly 
antigenic and the Type 111 preparations gave the most 
irregular results Felton, Suthfl, and Steele (30) gave 
20 mgm doses subcutaneously using a number of soluble 
antigens derived by various methods from Types I and II 
pneumococci Local reactions consisting of swelling and 
redness occurred at the site of the subcutaneous injec- 
tions and usually began to subside in 48 hours In con- 
trast to the findings of other workers, who elicited only 
a homologous t\ pc specific antibody response, they dem- 
onstrated, 111 human subjects, an increase in protective 
titer of the scrum for both the homologous .and the 
heterologous ty pc, a finding similar to that recorded by 
Day (31) in rabbits 

With a highly purified specific carbohydrate of Pneu- 
mococcus Type VIII, Finland and Ruegsegger (32) ob- 
tained high titers of the homologous antibody witli great 
regularity by injecting 1 0 mgm subcutaneously Vari- 
ous preparations of Type III pneumococcus polysaccha- 
ride given in the same manner produced antibodies for 
the homologous type with less regularity and in lower 
titers Occasional subjects developed antibodies against 
the heterologous hut related tv pc (33), after receiving 
either the Type III or the Type VIII carbohydrates 
Ruegsegger and Finland (34) .also investigated the anti- 
body stimulating cfilMcy of various doses of Type VIII 
polysaccharide when given by diflcrcnt routes and found 
the optimum dose to be 1 0 mgm given subcutaneously 
When smaller doses were used, however, they were more 
effective when given mtracutancously 


MATERIALS AND METHOPS 

The pneumococcus polysaccharides were prepared and 
furnished m dry form by Dr Rachel Brovvm of the D^i- 
sion of Laboratories and Research, New York State De- 
partment of Health The analytical data concerning 
these preparations were also furnished by her and arc 
given in Table I Stock solutions of these preparations 
were made up with sterile 085 per cent sodium chloride 
solution to contain 4 mgm per cubic centimeter 
The subjects included normal young adults 
hospital or laboratory staff, medical students, and adult 
hospital patients without recent febrile illnesses For 
the '^subcutaneous injections, I mgm of polysaccharide 
contained m 1 cc of saline was injected under the skin 
the deltoid muscle For the intracutancous m- 


table I 

Analytical data concerning the polysaccliandc 
preparahans used * 


Type 

1 Prepa- 
ration 
number 

TotoJ 

nitro 

gen 

1 Amino 
nitro- 
! gen 

1 

P 

1 Acetyl 

Aih 

, Moh 
tore 



per 

per 

Per 

per 

1 per 

t per 



cent 

cent 

cent 

, cent 

cent 

i cent 

I 

14 

5 34 

0 35 

0 07 

817 

4 20 

6 28 

IV 

1 

4 99 

018 

1 05 

12 08 

584 

10 48 

V 

7 1 

5 37 

0 07 



3 93 

5 94 

VII 

7 ! 

5 59 




284 

696 

XIV 

1 

2 83 

0 04 

0 24 

5 26 

123 

10 65 


* These materials and the data concerning them were 
supplied by Dr Rachel 

1 he percentages are cn for the weight of the sub- 
stances including the moisture 


jcclions, 0 1 cc of solution containing 001 mgnL of car- 
boh>dratc was given into the skin of the flexor surface 
of the forearm, and this was controlled with a similar 
injection of the same freshly prepared sterile physiologi- 
cal saline as was used in making the required dilution 
No preservative and no heat were employed but the 
solutions used were cultured and found to be sterile. 
Notes were made of the local and general reactions to 
the subcutaneous injections The intracutancous injec- 
tions were read at one-half hour and again at 18 to 24 
hours and were observed at other mterv’als when indi- 
cated ^^ost of the cutaneous reactions noted with the 
present mitcnals were similar to those alread> described 
(2, 5, 9. 10, 18) except m degree. The> v^ned m fre- 
qucnc> and jntensit> with the different preparations 
Some of the unusual reactions will be considered with 
each, in turn 

Venous blood for serological tests w^s obtained from 
each subject before and 10 to 12 da>s after the injection 
and occasvonall> at other intervals Agglutination tests 
were earned out with equal volumes of serum dilutions 
and of formahnued suspensions of actively growing 
pneumococci containing approximate!) 1 billion diplo- 
COCCI per cubic centimeter These were incubated for 
2 hours at 37^ C and read after storage m the ice box 
overnight The highest dilution of scrum showing floccu- 
lar agglutination w^as considered the end-pomt Protec- 
tion tests were earned out with 02 cc. of serum, ^d 
decimal dilutions of culture injected simultaneously xne 
virulence of the cultures was maintained by daily mouse 
passage. 


Results with Type I SSS, Preparation Number 14 

The local reactions and the results of the sero- 
ogical tests in 4 subjects injected subcutaneously 
ind m 6 injected mtracutaneously are listed in 
fable 31 Briefly, the subcutaneous injections 
rave only slight local reactions m most instances 
)ut were regularly followed by a good ^nt^ody 
■espouse as evidenced by the positive immediate 



481 


REACTION OF SUBJECTS TO PNEUMOCOCCUS POLYSACCHARIDES 


TABLE n 


Jlesponsc io in/edion of soluble specific subHonce 
Type I, Preparaiion Number 14 
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Antibody titer 
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* Theflc 2 subjects wtre healthy camcrs of Type I 
pneumococci 10 oava pnor to the Intracutoneous injection 
{<f 35) 

t Carrier of Type 11 pneumococa 2 weeks previously 

Ex^jfcnclton oj Table* II U> V tjit. 

fionie Bxu "• subcutaneous i c. *■ intracutanwma. 

Local reactions 

Following subcutaneous injections (delayed) 
dt tenderness only 

+ «• tenderness and sweUing less than 2 anu 
-f + redness, tenderness^ swelling more than 3 cm*, 
or With conetitutional symptoms. 

Immediate intracutaneoua reactions 

zk »• wheallarwthancontrol without peeudopoda, 
but With surrounding erythema, 

-f ■■ wheal VfcU defined with pscudopods and 
bright erythema 2 0 cm, or more, 

++ — edematous wheal more than 1,5 cm defimte 
pseudopods and bright erythema more 
than 3 0 cm. 

Delayed mtracutancous reactions (8 to 24 hours) 

± -■ 0>5 to 1 0 cm redness with slwht tenderness, 
•f ^ 1 0 cm, or greater redness anef tenderness, 

+ + ■■ local edema 3 cm, or more, 

Afffidtntnr 12 14 etc. ^ highest serum dilirtion 

showing floccular agglutination, 

Pnrirdton largest number of fatal doses which mice sur 
vrv^ with simultaneous mjections of 0 2 cc 
of serunu 
— ^ Not done, 

I V etc, Type I Type V etc. 

SSS *- soluble specific substance. 

cutaneous reaction and the high titer of mouse 
protective antibodies A comparable response to 
the single intracutaneous injection was obtained m 
only one subject The others developed anti- 
bodies of low titer or increased previously exist- 
ing levels only slightly if at all 


"Tests for antibodies against heterologous types 
of pneumococa were done on the sera of 5 sub- 
jects, using Types II, V, and VIII pneumococa 
1^0 antibodies developed against these types 

Results Tvith Type V SSS, Preparation 
Number 7 

This material was given to 5 subjects subcu- 
taneously and to 6 intracutaneously The data 
for these subjects are given m Table III The 

TABLE mt 


Efied of Mifedxon of rofubZa specific subdanco 
Ty^ V, Fre^xirotron Number 7 






V SSS 

Local 

Type V 





injected 

reaction 

Antibody Uter 

Subject 

Sex 

Age 

Date 




•a 







£ 



K 


J 




- 

1 


II 

i 


Pro- 

tect 



ywj 


myai. 






T J F 

U 

65 

Jttoe 9 

IB 

ax. 


0 

0 

0 



19 

OBl 

U 

+ 

0 

0 

0 

W SL 

Af 

43 

Joly 30 
Juae 9 

IB 

ax. 


0 

0 

0 

IBOO 

lOBOO 



19 

OBl 

lx 

0 

u 

1:2 

lOOBOO 









1 1 2 

lOBOO 

F J F 

M 

33 

IB 

ax» 

+ + 


B 

B 



21 

OBl 

ix. 

+ 

0 

0 

3 W B 

M ' 

36 ' 

Jalr 37 
jane 9 

IB 


it 

0 

0 

tooo 

lOBOO 



21 

OBl 

lx. 

+ 

1 t 8 

1 OOOBOO 


1 


Joly 27 
Jttue 9 




1:8 

IBOOBOO 

K,0*N 

F 

53 

IB 

ax 


0 

0 

10 



19 

OBl 

Lc, 

0 

0 

0 

lOBOO 




July 30 

1 

1 


1 

0 1 

lOOBOO 

iTJ* 

M 

35 

May 11 

OBl j 

lx 

d= ! 

0 : 

0 1 

0 



20 





0 ' 

lOOBOO 

B C, 

F 

» 

May 7 

OBl 

lx 

+ 

+ 

0 ; 

100 




17 





0 1 

IBOO 

I J u 

A1 

30 

May 7 

OBl 

lx 

+ + 

0 

0 

100 




IS 




0 

tOOQfiOO 

M D 

P 

48 

Alay 22 

OBt 1 

Ix 1 

0 1 

0 

0 

0 




Jane 1 
Atay 19 

OBl ' 

lx 

0 

0 

0 

lOOBOO 

J A 

M 

60 

OBl 

Ix 

0 ' 


0 

0 



May 38 

OBl 

lx 

0 1 

0 

0 

W D 

M 

28 

May 19 

OBl 1 

Ix 1 

0 1 

0 1 

0 

IBOO 




39 

OBl 

lx 

0 

0 

0 

lOBOO 


f See Table II for explanation of symbols, 

* Garner of Type VlII pneumococa on April 27, serum 
protected against 1 000 000 fatal doses Type VIII pneu 
mocoed on that day {cf 35) 


type-speafic antibody response to this preparation 
was not as good as in the case of the Type I ma- 
tcnal, and the local reactions were irregular 
Positive cutaneous reactions did not correlate 
with the antibody findings Some of the subjects 
who showed no protective antibody 10 and 12 
days respectively, after the subcutaneous injec- 
tion later developed such antibodies presumably 
aided by the additional stimulus of the intracu- 
tancous injection used for the tests Agglutinins 
appeared in 2 subjects only, and they had a rela- 
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tively high titer of protective antibody m the con- 
trol serum 

Tests for protective antibody against the related 
Type II pneumococci (36) were done on all the 
sera of the subcutaneously injected subjects and 
none developed antibodies for this type 

Results with Type VII SSS, Preparation 
Number 7 

This preparation was given to 5 subjects sub- 
cutaneously and to a similar number intracutane- 
ously The former all showed some local reac- 
tion to the injection They all later gave strongly 
positive intradermal tests and, with one exception, 
developed agglutinins in their sera The latter 
all failed to show an increase in the homologous 
antibody titer The results of the various tests 
arc listed m Table IV 

TAVLE IV t 


Effect of injection of soluble specific substance 
Type VII, Preparation Number 7 


Subject 

Sex 

Arc 

Date 

VII SSS 
injected 

Local 

reaction 

Type VII 
Antibody titer 

Amount 

Route 

M4 

•2 

s 

& 

al 

<•3 

Pro- 

tection 



ytari 


msm 






W B 

M 

28 

June 10 

10 

6X 


f 

1 4* 





21 

001 

I c 

+ + 

4 

I 32 


M L 

M 

24 

June 10 

10 

$ c 


+ 

1 S* 





21 

001 

t c 


0 

1 8* 


M T 

M 

24 

June 10 

1 0 

t c 


+ 

0 





21 

001 

J c 

4* + 

0 

1 4 


J M H 

M 

30 

June 9 

10 

9JC 



0 





21 

001 

i c 

•f + 

0 

1 16 





July 28 

— 




1 16 


R W H 


28 

June 10 

10 

sc 


4- + 

0 





21 

001 

U 

+ + 

d: 

1 8 





July 28 

— 




1 4 


C G 1 

M 1 

64 

April IS 

001 

i c 

=t 

0 

I 2 

too 000 




24 





1 2 

10 000 

C V 

M 1 

54 

May 18 

0 01 

ic 

+ + 

0 

1 2* 

1 000 000 




26 

0 01 

fc 

4+ 


1 2* 

1 000 000 

E C 

M ' 

21 

May 18 

001 1 

i c 

0 

0 

0 

100 000 




28 

001 1 

i c 

0 

0 

0 1 

1000 

W D 

M 

48 

May 18 

001 1 

i c 

+ 

0 

1 2* 

100 000 




28 

001 1 

i c 

0 

0 

0 

100 000 

A F 1 

M 1 

57 

May 18 

0 01 1 

Ic 

+ 

t 

1 4 

1 000 000 

i 

1 


28 

001 

1 c 

4* 

4 

1 4 

10 000 000 


* Fine floccular agglutination 

fSee Table II for explanation of symbols 


Mouse protection tests with the Type VII 
pneumococcus and human sera have not been en- 
tirely satisfactory because of the irregular viru- 
lence of this organism and the high titers of pro- 
tection found in the sera of most normal indi- 
viduals, and even during the acute stage of pneu- 
monia due to this type (37) Previous studies 


indicated that the protection test is a more deli- 
cate index of the development of small amounts 
of specific antibody than either the agglutination 
test or the cutaneous reacbon to type-specific 
polysaccharides (4) In the present study, there- 
fore, TjT^e VII protection tests were earned out 
only with the sera of the intracutaneously injected 
subjects AH showed protection in the control 
sera but no significant increases in titer appeared 
in the later ones 

The sera of each of the subjects were tested for 
the development of antibodies against one or more 
heterologous types of pneumococci Types I, II, 
IV, V, and VIII pneumococa were used in ag- 
glutination and mouse protection tests and all 
yielded negative results 

Results with Type IV SSS, Preparation Number 

1 and Type XIV SSS, Preparation Number 1 

Two senes of observations were made with 
these preparations In one group, each subject 
was given a subcutaneous injection of one of the 
preparations This was followed in about 2 
weeks by intracutaneous tests wth both prepa- 
rations, and the blood was studied just before and 
about 3 weeks after these intradermal tests to de- 
termine the antigenic effects of both the subcu- 
taneous injection and of the skin test injections 
The data for this group are shown in Table YA 
In the second group, one of the preparations was 
given intracutaneously and skin tests were done 
later with both The results in this group are 
given m Table VB 

Briefly, the Type IV preparation gave local re- 
actions regularly when injected subcutaneously 
and frequently to an initial intracutaneous injec- 
tion, whereas the Type XIV preparation was free 
of such reactions Both preparations gave non- 
specific reactions to later mjeebons Both gave 
good antibody responses for the homologous 
pneumococcus type The subcutaneous and in- 
tracutaneous injections were about equally effec- 
tive Protection tests were not done wth the 
Type XIV pneumococcus because none of the 
strains available could be raised in virulence suffi- 
ciently to be satisfactory for this purpose 

Agglutinins and mouse protection tests were 
also earned out with Types II, V, VIII, and XI 
pneumococci on these sera Only 3 subjects de- 
veloped protective anbbody in their sera against 
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leterologous pneumococcus types Subjects T D 
md W C developed protection against 10,000 
ind 100 lethal doses, respectively, of Type 11 
meumococa and Subject M McR. developed pro- 
;ection against 100,000 fatal doses of Type V 
meumococa 

An mmsually severe reaction to the faitracutaneous in 
jectlon of Type TV SSS was observed m Subject J V 
(Table VA) A yellow edematous wheal appeared al 
iKJit immediately and increased for 40 minutes to a 
maximum diameter of 2^ cm. It had numerous stubby 
pscudopods and wtis surrounded by an area of mtense 


erythema 8.5 cm. in diameter The wheal gradually 
blended with the furrouodmg erythema to form t soft 
pu6fcd up area elevated about Z3 cm. m the center which 
involved half the flexor surface of the forearm and "was 
exquisitely tender There was no redness or lymphangi 
tis 'risible, but one of the axillary nodes became enlarged 
and tender The entire reaction subsided fn atxmt 24 
hours and it was not accompanied by any febrile re 
action The Initial subcutaneous injection of the same 
material had given rise to a red tender swelling about 6 
cm. m diameter In a second subject, G P (Tabic V^) 
the second intracutaneous injection of the same matenal 
gave a very similar reaction except that an cpltrochlear 
node was enlarged in this instance. 


TABU V t 

Effect of injection of Type IV SSS Preparation / and TyPe XI V SSS Preparation J 
A Subcutaneous injection of one followed by intracutaneous injection of both 






Type W BSS Injected 

Type XIV SSS Injected 

AnllbcMlki 



Ast 

Date 



I^ocal reaction 



Local reaction 

BBi 

Protection 





Amount 

Route 

Imme- 

Delsyed 

Amoant 

Rente 

Imine- 

diite 

Delayed 

m 





ftera 


rngnt 










1 

A B 

F 

63 

June 26 

10 

fX. 


+ + 

— 




0 

0 

1 0 


July 6 

0 01 

IX, 

0 

0 

0 01 

ic 


0 

0 

0 

1 0 




Aug 13 









0 

1 2 

1 0 

J c.* 

M 

44 

June 26 

10 

e c. 


+ 





0 

0 

! 0 

July 6 








1 64 

0 

1 100 000 

H L,* 

M 

SI 

June 24 

10 

S.C, 


+ 





! 0 

; 0 

0 

July 6 
Aug 3 









1 I 4 

1 I 4 

10 000 








PI 




1 4 

1 4 

1 000 

J V 

F 

48 

June 24 

10 

sc. 


+ 4* 





0 

0 

0 


July 6 
July 31 
Nov 9 

0 01 

i c. 

+ + 

++ 

0 01 

1 c. 


I 0 

1 64 

1 32 

0 

1 16 

100 000 

1 000 000 











1 

I 32 

1 8 

1000 000 

w a 

M 

51 

! 

June 24 
July 6 
July 29 

10 

0 01 

S c 

IX. 

+ + 

+4- 

4 * 4 - 

1 . 

0 01 

1 

1 c, 

1 

+ 

1 

0 

1 

0 

1 8 

1 32 

0 

0 

1 2 

0 

1 000 000 
10 000 000 

R.E.M 

M 

28 

June 24 
July 2 
July 27 

0 01 

ic 

+ 

1 

h 

0 

1 

10 

0 01 

1 

6C- 

ix. 

4 - 4 - 

0 1 
4-4- 

0 

0 

. 8 

0 1 
1 32 I 
1 32 

lOO 

100 

1 000 000 

T D 

M 

! 

27 

June 28 
July 10 ' 
July 27 

0 01 1 

ic 1 

+ *f ! 

4-4- 1 

10 ! 
OOi j 

SX. 1 

1 c 

4 - 4 - j 

0 

-h-h 1 

0 

1 2 1 

0 

1 2 

1 2 

0 

10 

100 000 

M McR. 


27 

June 24 
June 7 
July 27 

0 01 

IX 


0 

1 0 

0 01 

BX. 

ix. 

4- 

0 

0 

0 

0 

1 16 

0 

1 16 

1 8 

1 000 
1000 

1 000 000 

F E, 

M 

28 

June 24 
July 7 
July 27 

June 24 
July 9 

0 0! 

ic. 

0 

0 

1 0 

0 01 

BX, 
i C 

0 

0 

0 

0 

0 

1 4 

0 

1 4 

1 4 

0 

0 

100 000 

H S 

M 

26 i 

0 01 

i c. 

+ 

0 

3 0 
0.01 

flC, 

ix. 

4 - 

0 

0 

0 

0 

1 8 

0 

1 16 

1 16 

0 

0 

10 000 




Aug 4 
Oct, 26 









1 16 

1 32 

100 000 
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TABLE v—Conhnued 


B Intracutaneous injection 


Subject 

Sex 

Arc 

Date 

Reaction to 0 01 mcm SSS injected 
Inlracutaneously 

Antibodies 

Type rv 

Type XIV 

Agglutinins 

Protection 

Immediate 

Delayed 

Immediate 

Delayed 

Type IV 

Type Xrv 

Type IV 



years 









r R R 

M 

41 

July 28 

0 

0 

— 



0 

0 

0 




Aug 9 

+ 

++ 


0 

1 16 

0 

10,000,000 

G P 

M 

38 

July 28 

0 

0 

— 

_ 

0 

0 

0 




Aug 9 

+ 

++ 


-f 

1 16 

1 2 

1,000,000 

F W 

M ! 

68 

July 28 

0 

0 



1 2 

1 2 

10,000 


1 


Aug 9 

0 

+ 

0 

+ ! 

1 4 

1 2 

10,000 

J J 

M 

70 

July 29 

++ 

0 



I- 

0 

0 

100,000 




Aug 9 

++ 

+ 


0 

1 32 ! 

0 ! 

10,000,000 

A D 


46 

Jul> 29 


+ 

— 

. - 

! 0 

0 

0 




Aug 9 

1 ^ 

1 + 

0 

0 

0 

0 

[ 1,000 

J c 

M 

46 

July 28 

! 0 

0 

- ■ 


0 

1 4 

’ 0 


H 


Aug 9 

0 

! + 

0 

0 

1 2 

: 1 2 

100,000 

M McN 

■ 

58 


. — 

— 

0 

‘ 0 

0 

0 

0 


■ 


Aug 9 

0 

0 

+ 

++ 

0 

1 16 

0 

V L 

B 

60 


— 

- 

0 

0 

0 

0 

0 




Aug 9 

rfc 

0 

++ 

+ 

0 

1 4 

0 

M D 

M 

36 

July 29 




0 

0 

0 

0 

10 




Aug 9 

0 

0 

0 

0 

0 

1 4 

10 

H S 

M 

68 

July 30 




0 

0 

0 

0 

0 




Aug 10 

+ 

0 

+ 

0 

0 

0 

0 

E S 

M 

24 

July 29 

— 

- — 

0 

0 

1 2 

0 

10,000 




Aug 10 

+ 

0 

0 

0 

1 4 

1 2 

10,000 

F F 

M 

78 

July 29 




0 

0 

0 

0 

0 




Aug 10 

0 

+ 

0 

0 

0 

1 4 

10 

W J 

M 

37 

July 30 



— 

0 

0 

0 

0 

0 



Aug 9 

+ 


0 

0 

0 

0 

0 


* No intracutaneous tests 
t See Table II for explanation of symbols 


The results of all the tests are summarized m 
Table VI 

Single skin tests in normal subjects 

Tests with 0 01 mgm of each of the prepara- 
tions were made m 25 other subjects not listed in 
tlie previous tables Each subject was tested 
with one of the preparations and the serum tested 
for the homologous antibody The results are 
summarized m Table VII There was no correla- 
tion between the positive tests and the correspond- 
ing antibody 


DISCUSSION 

The various studies previously ated indicate 
that in human subjects, just as in animal expen- 
ments, significant differences may be observed in 
the response to injections of polysaccharides de- 
rived in different ways from the same type of 
pneumococcus, and, conversely, preparations 
which differ chemically and immunologically may 
ehat similar responses m human subjects {cf 9, 
12 ) 

The materials used in the present study were 
obtained by methods designed to avoid the use of 
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TABLE VI 


lUtumS of local rtacltons and circtdaUni anttbodus rcsuUtnifrtm tnjcdion of 5 polysaccharides 


MattiUI 

j 

t> 

1 

4 

i 

Z'S 

Local reactioM* 

1 Homolocon* antibody mponae t 

rXeteroloctyaa 
am (body 

IidtUl 

Subawjoent 

1 Atilatioinj 

1 

Prelection 

1 

k\ 

E| 

: 

1 
. s 

; a 


t 

s 

S 

■ 


+ 

m 

1 

k 

il 

' ss 

^5 

Z't 

II 

11 

1 

1 

14 

1 0 

' e.c 

4 


! 3 

1 4 

I 2 

1 

i 3 

0 

0 

0 

1 

1 ^ 

6 

0 




0 01 

Lc, 

6 

1 3 

1 

1 

n 

1 0 

5 

0 

1 

2 

3 

0 

! ^ 

4 

0 


V 

7 

10 

BX. ' 

5 


3 

3 

2 

3 

1 

1 

2 

1 2 

1 

0 

8 

0 




001 

ix 

6 

3 

2 

0 

0 

6 

0 

0 

1 

2 

1 

2 

5 

0 


1 


OOlj 

Ix. 

55 

3 

2 



5 

0 

0 1 

2 

1 1 

2 

0 




vri 

7 : 

10 ; 

•X. 

s ; 



5 

2 

1 

1 

^ 1 


1 



10 , 

0 




01 

ix. 

s 

4 

1 ^ 

2 

1 

5 

0 

0 ' 

4 

1 

0 

0 

5 

0 


IV 

1 

10 

ft.C. 

5 ’ 


5 ' 

2 

2 

1 

1 

3 ' 

1 

0 

1 

3 

19** 

1 

II 



0 01 

1 c. 

6 

2 i 

1 1 

3 

6 

1 

2 

3 ' 

1 

1 1 

1 

3 

6** 

0 




0 01 

IX. 

5il 

4 

1 



0 ; 

2 

3 

9 

0 ' 

4 

1 




xrv 

1 

to 

B C, 

5 


0 

4 ' 

2 1 

0 i 

2 

3 


i 




2 

u v 



0 01 

I C, 

7 

0 

0 

3 

2 ; 

2 1 

4 1 

1 , 





7|t 

0 




001 

IX, 

35 

2 

0 

1 


0 ! 

i ! 

1 



! 






*To the initial Bubcutaneous or rntracutaneouB injection and the euhsequent intracutaneoiw test with the same 


^^^TriS^iquired or increaBed AnUbodica hstcd with the mbcutaneouiiy ln)ected subjectB represent those demon 
strated before any later mtracutaneous injections of the iame matcnals 
t Only 3 wbo^ initial reactionfl were negative were retested 


i' 


Eaci of these had previouBly received 1 0 mgta. of the tame rnatenal sx* 
n After 1 0 mgnL TyP® XIV given i.c. 


1 After 1 0 mgnL IV SSS given ic, .. 

Skin te*U (fone in $ Bubjccts wfth Type XIV SSS S immediate po»lU^^ and 2 dchyed positive reactions, 
ft Skin tests with Type IV SSS done in 12 subjects 8 gave immediate and 3 gave delayed reactions. 


heat and of chemical reagents that alter the char- 
acter of the products (1) Of the 5 preparaUons 
used, 4 were specific polysaccharides of types not 
previously tested in human subjects, namely 
Types rV, V, VII, and XTV (38), and the fifth 
was a Type I preparation The local reactions to 
mitiai intracutaneous injections observed with all 
of these preparations were similar to those ob- 
served by Finland and Dowling (9) with the sO' 
called cellular carbohydrates Immediate and de- 
layed reactions occurred together or independently 
of one another or of the presence of homologous 
type-specific antibody in the arculatmg blood. 
In the small numbers of subjects tested the intra 
cutaneous reactions, immediate and delayed but 
particularly the latter appeared more frequently 
after previous injections of the same or of some 
other polysaccharide had been given subcutane- 
ously than with the initial mtracutancous mjec 
lion. These reactions were not associated with 


homologous type specific antibodies Tlic find 
mgs suggest that these materials contain a non- 
type speafic antigen in addition to the type spe- 
afic component 

The present obscrvrtiom ivith different doses 
and routes of injection and similar studies of 
other investigators (19, 23, 30, 34) indicate that 
the optimum dose may I’ary widely w ith different 
preparations of each poly sacchandc — that toxic 
effects or immunity may arise only 'wilhin a cer- 
tain range of dosage This optimum must, there- 
fore, be worked out with each material and for 
each animal species Improper dosage or route 
or intervals may account for the irregular re- 
sponse obtained wTth some of the materials 

The antibodies demonstrated following the m 
jcction of the \ariou5 speafic carbohydmtcs used 
in this and in most of the other studies mentioned 
were almost wholly speafic for the homologous 
type of pneumococcus Only nrc subjects dc 
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PROCCnDINGS OF TIIE TIIIRTinTH ANNUAL MEETING 


tity in the liver nncl <;plccn, nnd to a lesser extent m the 
kidney and skin after the administration of large amounts 
of iron 

The absence of demonstrable increase of iron in the 
gislro mlcstmal tract under the conditions of this experi- 
ment fails to show that the large intestine is the site of 
iron excretion, and corroborates tlic recent findings of 
other workers in the field of iron mclnbohsm, namely, 
that iron is not excreted to an> appreciable degree by 
the intestinal tract 

The Rclaitaushtp hetzvreti (he Traeftotts of (he Serum 
Protrtfi Comf^Iee B> IIfnr% Finn, Jr, and (b> in- 
Mtation) Dampl Mflmck and Christopher Par- 
^Alu JPf Ann Arbor, Mich 

There Iins been prwlucctl mudi evidence to indicate 
that the scrum protein complex is composed of two or 
more unstable coprccipitalion sj stems in mutual cqui- 
hbnui and that the protein fractions isolated b> plnsico- 
chemical mclhcHls arc not preexistent Variations m the 
concentrations of the isolated fractions arc considered to 
result from disturbances in the balance of the component 
s) Stems 

We have (Inl> 2 cd normal sera against nephrotic sera, 
characlcnzcd b> hvpoprolcmcnua and markcdl> low albu- 
min to glolnihn ratios, for \nrnblc periods of lime and 
at selected temperatures In tins manner the normal and 
nephrotic scnim proteins were subjected to practicallj 
the same environmental influence with respect to con- 
centration of protein and of the crj stalloids. pH, and tem- 
perature Nevertheless, no change tn the albumin to 
globulin ratios of either the normal or ncphrtoic sera 
resulted Scrnni hpids were oh5cr%cd to exert no appre- 
ciable influence upon the sailing out of tlic protein frac- 
tions 

These studies arc not interpreted as inchcnting that 
such protein fractions arc preexistent m scrum Thc> 
seem to imhcalc that au> association or dissociation of 
protein molecules must occur within independent sj stems 
and that fractionation obtained h> precipitation methods 
is dilTcrcnl from that obtained b> uUraccntnfugation 
The reason for the change in ratio of precipitation frac- 
tions in pathological slates remains to be explained 

A Long Tenn Study of the Vanotwn of Scrum ChoJes- 
tcroJ tit a Group of Relatively Normal Individuals 
By Kfnnftji B Turner and (b> invitation) Alfrfd 
SniNFJi, New York, N Y 

Although there arc innumerable reports on the blood 
cholesterol of man under normal or abnormal conditions, 
the vast majorit) of these arc based on single or, at best, 
a few determinations in a given individual Little is 
knoum of tlic normal venation from w^cck to week over 
long periods under controlled conditions 
An unusual opportunity was afforded to study the sc- 
rum cholesterol of 11 relatively normal but hospitalized 
patients at approximately weekly intervals for a >ear or 
more- FrcQucnt determinations of the basal metabolic 


rate and other factors that might influence the serum 
cholesterol were made. 

The constancy for the individual of the cholesterol 
level in his scrum was established Thyroid extract pro- 
duced a marked fall in the scrum cholesterol High or 
low fat diets, the administration of cholesterol or of po- 
tassium iodide were without effect 
Furthermore, no significant variations m serum choles- 
terol occurred during the course of a day The futility 
of the so-called “ cholesterol tolerance tests ** was demon- 
strated 

Allergic Broucliial Obslruclion and Bronchiectasis By 
Hfrman II Rifcker, Ann Arbor, Mich 
Bronchiectasis has been due, in occasional eases, to 
extrinsic pressure on a small bronchus collapsing its 
lumen, to cancer, or to fibrosing and mflammatoo le- 
sions which obstruct the bronchus The common factor 
in these eases is an obstruction with trapping of the 
secretion and conserjuent infection 
In searching for a cause more applicable to the large 
majont) of eases, it seemed advisable to investigate the 
possible rchtionsliip of bronchiectasis to allergic disease 
of the rcspiratoo tract 

Pathological studies, pnrticularl> b> Alexander, have 
sIiovvTi that in asthma, bronclual obstruction docs occur at 
about the 5 mm level, and recent Iipiodal studies here 
confirm this finding for the active ease It is not a dif- 
fu'^c process and is produced mostlv b> edema and mucus 
Below tins level there often is dilatation in the waills of 
the bronclnoles with the occa«;jonal formation of bullae 
and cmph>‘^cma Eosinophilic infiltration of muscle and 
degeneration of cartilage arc observed In autops> ma- 
terial of bronchiectasis, cosinophilcs in the wall of the 
bronchus above the infected area have been seen, and it 
Ins not been uncommon to find man> cosinoplnles in the 
bronchicctatic sputum when proper search is made 
Tiic Iiospital records of 122 consecutive eases, diag- 
nosed as bronchiectasis b\ bronchograms, and containing 
the results of an examination of the nasal membrane b> 
competent otologists, were studied with respect to the 
presence of allcrg), with the following results 

Cases of bronchiectasis with 

Asthma onI> 5 

Allergic rhinitis onI> w 

Asthma and allergic rhinitis ^ 

Neither 27 

122 

Thus 778 per cent of the eases of bronducctasis ap- 
pear to have occurred in individuals with allergic respira- 
tory tract disease whicli long antedated the symptoms of 
bronchiectasis In the remaining eases there wns no 
proof of allcrgv , possiblv because in some eases the al- 
lergic changes were reversible and not constantly present 
m the nasal membrane 

Bronchoscopic obscrvaitions in our clinic have shown 
that in allergic rhinitis, and in many' cases of bronclnec- 
tasis, the allergic edema is by no means limited to the 
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nasal m«mbran« but may extend quite far down the indi 
vidual bronchi without produemg the symptom of asthma. 
In bronchiectasis complete obstruction of mdindual 
bronchi of the third order has been seen to disappear 
after the application of adrenalm and cocaine. Siml 
larly, H hai been observed that in asthma the nasal mem- 
brane frequently Is mvolvcd m the allergic process. 

In view of these observations it is not unreasonable 
to suppose that the allergic bronchial reaction associated 
with allergic rhmitis produces partial or complete ob- 
struction with distal dilatation and weakening of the 
bronchial wall to form the basis for many case* of bron 
chiectasis The purulent upper respiratory infection 
(present in 72 per cent of the cases) may be a contribut 
Ing or activating factor but not a primary one. This 
conception of the basic etiology of the disease offers some 
hope for its anticipation and prevention m the allergic 
child. In the treatment of the disease by drainage, the 
factor of edematous obstruction may well be token mto 
oonjWeratkm. 

Cytologlcal studies for cosmophilcs In matenal ob 
tahicd by bronchoscope from the bronchiectatlc cases arc 
bemg continued. 

S“<udicj in Tuberculous Calcification By Kobzbt G 

Bloch Chicago IlL 

Calcification, besides resorption, Is the only healing 
process of the tubenmlous lesion itself. The deposition 
of calcium salts suffiaent to be clinically rccognued as 
calcification is a very slow process. The clinical con- 
ception of calcification b based exclusively on its roent- 
genological appear:* ncc, the degree of density bdng the 
chief entenon. The grossly calcareous lesion represents 
the desired final stage of healfng and is erroneously con- 
fused with the degree of calcification, tj vnth the amount 
of calcium deposited. While the amount of calchun ex- 
presses itself rocntgenologlcally the calcarcousness docs 
not Involvements with a very high calaura content 
may still be softly caseous and arc potential excavations 
of clinical importance. The size of a lesion is a belter 
diagnostic guide than the roentgenologic degree of 
density 

Small tuberculous lesions in the lung with certain 
charactcnitlca as to size, location, consistency chemical 
content, and roentgenological appearance, are muvtrsally 
accepted as evidence of primary “childhood" infection. 
From the studies of Ghon in children the conclusion was 
reached, without sufficient evidence, that such lesions, 
when found in adults, signify the remains of an infec- 
tion contracted In early life. 

Without making a definite contention that the existing 
conception is erroneous, the question is opened in this 
paper if many of the lo-called primary tuberculous fod 
do not develop during adult life. Some clinical evidence 
b presented tending to show that they may be another 
form of tuberculosis developing in adults as the result 
of exogenous superinlcction. The initial resuits of an 
experimental study coroparmg roentgenological, htstologi 
cal and chemical factors are discussed. 


InJueiion of Lymphoma by Carcmoffcntc ^ffcnts By 
Austin It Brues and (by invitation) Bculx B 
MABBLi!, Boston Mass. 

A study has been made of the effect of cancer pro- 
ducing agents on animals with a constant low suscepti 
bility to lymphoma. One Irandrcd and eighty mice were 
used of a special strain in which the normal madcncc 
of lymphoma is approximately 2 per cent, and the in 
etdence was markedly mercosed by the application of 
cardnogenic tar to the skin. Three batches of tar were 
used, of widely varying degrees of carcinogenic potency, 
and the incidence of lymphoma followed, pan p^su (be 
potency of the tar, reaching 50 per cent in the group 
receiving the most actively cardnogenic agent The 
lesions produced were characteristic, involving spleen, 
lymph nodes and usually Inrcr with an assoaated sub- 
leukemic blood picture. The disease in control ammals 
runs a rdativdy benign course of several months while 
in tarred aniroab it progresses rapidly and they usually 
die within a few weeks of the clinical onset Although 
cancer producing agents do not readily produce lymphoma 
m other strains of animals tiiese results suggest that in 
the presence of a latent predisposition tiicy may influence 
its development and course. 

The Entrance of Prolcms into Joints and Certain Other 
Body Cavities By Gbantjule A, Bennett and (by 
invitation) Morris F Shatfer, Boston, Mass. 
Previous studies have demonstrated that foreign pro 
tdns Injected intra-articularly arc removed from joints 
solely by "way of the lymphatics, whereas drugs in 
aqueous solution arc removed from joints diicfly by way 
of the blood capillaries. The purpose of the present 
experiments was to study the transference oi proteins 
from tlic blood stream mto joints Information so ob- 
tained should lead to a better understanding of normal 
joint physiology and the racclianism involved in Uie pro- 
duction of Joint effusions. In addition, the passage of 
such substances into the aqueous chambers and the sub 
arachnoid space was Im'estigatcd. 

Crystalline egg albumen or horse serum protein frac 
tions were injected intravenously into rabbits. By err 
plpymg the prcapiUn test wdth speofic antisera os 
means for their detection, these proteins could be 
strated to have passed regularly within a short 
of time, from the blood stream mto the knee jot^ 
They also appeared m the aqueous chambers of « 
eyes, but in lower concentration. In most « 
no foreign protein was detected in the spinal fluid 
present its corveentraUon was considerably lower (i 
in the joint wTishings or aqueous fluids. 

Such data concerning the entrance into and rcsid 
m various body cantics of foreign proteins should 
as a basis for experimental studies on tissue 
sitlnty and the treatment of mfcclrons of joints 
specific antisera. , 



536 


PROCEEDINGS OF THE THIRTIETH ANNUAL MEETING 


Unequal DislnbuUon of Respiratory Gases tn Emphy^ 
semaious Sub)ccis^ \fs and Significance 

By A CouRNANT) and J S Mansfield (by invitation) 
and D W RtcuARDS, Jr , New York, N Y 

Sc\crat different techniques were employed, with nor- 
mal and cmph>5cmalous subjects, to test the slate of 
mixture of intrapulmonary gases, both before and dur- 
ing the course of quiet breathing in a small closed cir- 
cuit consisting of lungs, spirometer, soda lime container, 
and connecting tubing Varying factors in the technique 
were 1, (a) preliminary breathing of pure oxygen for 
ten minutes before onset of rcbrcathing, or (6) pre- 
liminary air breathing, 2, variation in composition of 
gases m spirometer before rcbrcathing, 3, (a) stcadilj 
decreasing volume of closed breathing circuit, or (b) 
mainlcmncc of constant 'lolumc of lung-spiromctcr cir- 
cuit With cTch of these methods it is possible, after 
ccrlam corrections arc made, to calculate pulmonary 
residual air values, according to (he principle of nitro- 
gen dilution 

In normal subjects all techniques ga\c essentially the 
same values for functional residual air 
In certain emph) sematous subjects, washing out of 
the lungs by pure oxjgcn breathing, preliminary to the 
closed circuit breathing, ga\c residual air values much 
lower than the (usually large) vnlucs found after pre- 
liminary air breathing This suggests that the resting 
emphysematous lung contains excess nitrogen, presum- 
ably m the large hypo\cntilalcd but still perfused pul- 
monary spaces 

The discrepancy between the residual air values ob- 
tained by these different preliminary breathing procedures 
can be used as a quantitative measure of unequal dis- 
tribution of respiratory gases in pulmonary spaces The 
large vailucs found for residual air in emphysematous 
subjects arc in some eases due in part to the same phe- 
nomenon Such residual air figures m these eases may 
be considered as a combined index of pin siological dys- 
function, rather than as a measure of strictly anatomical 
volume 

T/ie In/ubifwn of C/joh:c Esterase of Musr/c bv Prosttg* 
vwic xvtfh Reference io the Action of the Drug in 
Myasthenia Gravis By William C STAUir and (by 
invitation) Maxwell Jones, Philadelphia, Pa 

Recently prostigmmc has been shown to ameliorate 
dramatically but briefly the symptoms of myaisthcnia 
gravis In explanation, the hypothesis Ins been ad- 
vanced m (he literature that the disease is associated w ith 
a high content of muscle cholmc esterase. In conse- 
quence, acetylcholine, when formed, is destroyed so 
rapidly that the ordinary neuro-humoral mcdnnism of 
ncrvc-musclc transmission is impaired and symptoms of 
the disease result According to this mcw, prostigmmc 
produces its effect by partial inhibition of the esterase of 
the muscle thus restoring to normal the neuro-humoral 
mechanism. 

No muscle esterase vnlucs in myasthenia eases ha\c 


been reported and the scrum esterase values are f i 
be within normal limits However, the association 
marked inhibition of scrum esterase and the 1 v 
of the symptoms by prostigmmc still lends color to 
hypothesis 

We have studied the effect of prostigmine upon 
esterase of scrum and muscle of guinea pigs, nc 
humans, and in one ease of myasthenia gravas T* 
eases the results arc essentially the same and 
summarized as follows 

In guinea pigs, the intravenous injection of w 
or prostigmmc m doses which arc comparable to 
pcutic doses in humans resulted in marked inhib^*i 
the choline esterase activity of the scrum In u 
however, we were unable to show any inhibition 
ever Even with toxic doses no inhibition u 
shown The following is a ty^iical protocol 

The chohne csl erase activity of tnnscJe and sentm 
guinea pig before and after the intravenous vijt^ 
of 10 vigni of esenne (aciitniv m ft^f per gra 
per minute of acetylcholine hydrolysed) 

Alc*dc Serum 

Before 0 68 0 66 

After 0 69 0 20 

W\cn muscle or scrum is equilibrated in vif 
known concentrations of prostigmmc it w’as f > 
whereas scrum esterase is markedly inhibited, t 
little or no inhibition oJ'tflusaC esterase by 
at conccriffations withm the thercpcuti^zontS^O*^ 
the conccnlmtion of the prostigmine greatly ^ 
the therapeutic concentration could inhibition be 
stritcd, and in all eases this was much less » 
ease of tlic scrum The following is a ty'pical 
m the guinea pig 

Choline esterase actixaty of guinea pig muscle 
Xihen exposid m tatro io hnoten concentra^t 
prostigmxm Results arc expressed as a 
the txifuc %n (he absence of prostigmin* 


Conctnlrailon 
of prosUunitnt 



trr titrr 


Mo*c1e 

00 

Therapeutic rone 

100 

0 05 

Therapeutic rone 

1 00 

0 1 


0 90 

05 


0 59 

1 0 


0 32 

20 


0 23 

In one cave 

of nivnsthcnia gravis the chc* 


of the muscle (1 63 per gram per mmutc) 
to be quite comparable m vnlue to that of 
human subjects (1 60 and 1 95 mM per gram 
The behavior of the muscle esterase m this 
the inhibiting action of prostigmine ui intro 
to that found m the ease of the guinea pig 
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Kfhtwt aciiviiy of tnwcftf and terum choJtnt esttrase of 
a ciU€ of mytutktnia ffravu tohen equtltb rated uHth 
known concenfrattons of >roiOpWMt« 


S^TOfUcmlM 
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00 
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001 
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005 

Therapeutic zone 

1 19 

0 57 

01 


1 11 

0.54 

0^ 


0 73 

032 

10 


0 79 

023 

20 


0 41 


CoTiclustons 

1 The inhibjlTOg 

effect of 

prostigmme 


Ml the cholme wteraae of muscle and Kcttm of gumta. 
?ig8 and humane ii quantitatively quite difierent Only 
xmocntnitkms qmte otitjJde the therapeutic range dcprcM 
he acti\ity In the case of the muscle and then the effect 
s much less than u the cme of the aemm. 

2. The TO usd e esterase content of a case of myasthenia 
jravla was about the aame aa that found w two normal 
luraan aub ects 

3. Our di-ta lend no support to the hypothesis that 

nyastlienm gravis Is associated with on unduly high 
:holmc esterase of the rausde furthermore, the evidence 
5 agamit th'" beneficial effect of 

arostigromc is t!L»“ to its inhibiting action upon the 
nusde esterase, 

Chttlco} Study of Pirsohs vnth Snhnonnal Tepi^feratures 

By HoBAar A Reimann, Philadelphia, Pa, 

Several years ago I collected and studied 16 pahenU 
whose tempera turea trere found to be slightly higher than 
:Sc accepted normal Jt vm shown that the temperature 
not true fever but was normal lor these patients 
uJCy-^j-thcrrola is rather frequently encountered in per 
^ Vi of a certain type, cspecitilly in women in the latter 
lalf of the menstrual cycle. 

Snb^tquently I studiwl several persons all happened to 
be men, whose temperature averaged bdow the normal 
level varied between 96* F and 98* F Each of 
these patients came to the hospital with numerous buairc 
complaints which arc often associated with neurasthenia, 
rhe outstanding complaints were weakness, abdominal 
distress cold and sweaty extremities, and palpitation of 
the hcarl After complete studies were made no impor 
tant deviations from the normal were fotmd except a 
tendency to hypothermia, hypotension, and bradycardia. 
Both the blood pressure and heart rate were quickly 
raised by physical or emotional stress The basal meta 
bohe tests were usually within normal Irrmts Some pa 
tienls reacted markedly to small doses (1 tngtm) of pHo- 
carplne or to 0 l 5 cc. doses of cphicphrmc solutions- Atro- 
pine, thyroid substance opium benrednne, pilocarpine 


and cpincphrmc had little or no effect on the temperature. 
Exercise and emotional excitement sometimes caused a 
temporary increase in blood pressure and pulse rate. 

Each of the patients on apparently be placed cither m 
the group dossed tcnutivciy as vagotonia or sympaihi 
coloma, but the symptoms rarely fit completely into one 
group or the other 

The Use of Try pstn m Froducinp Expenmenlat Hephri 
hr By Loots N Katz and (by invitation) hfEYrai 
FarcDitAN Chicago, III, 

An acute ncphntis was produced in dogs by a single 
injection of a 1 per cent solution of commercial trypsin 
directly mto both renal arteries. The ncphntis was 
ebaracterired by glomerular hemorrhage and TOflamma- 
bona, and could be made to ere enough dtpcoding upon 
the amount of tryjam injected, to lead to a iastmg 
ncphntis ttrminauog in uremia Control injections of 
casein and of hpasc into the renal arteries led to no 
recognizable lesions in the kidneys or changes in thor 
function. \Vc are studying the effects of this trypsin 
nephritis upon the dogs blood pressure. 

The BSect of 5’«ffojnfamidf on Eleelrolyte Metahottsnu 
By WnxiAM W Becrmax (mtroducixl by Janies H 
Means), Boston, Mass. 

A rcduchon of the carbon diox Je combining power of 
the scrum during the admmislraUon of sulfanilamide In 
di cates that a derangement of the electrolyte metabolism 
takes place. In order to define better this disturbance the 
acid base cjccrction and serum concentration of patients 
receiving sulfanilamide were studied. Thc> nerc kept on 
a constant diet and fiuid intake. 

The first effects noted are a striking fnerease fn the 
sodium excretion a marked reduction m atnraoma out 
put and a strongly aZkahrrc onne (pH 7 A to 78) The 
scrum sodnim concentratioo falls 5 or 6 m-cq There oc 
curs a correspondmg diminution fn the scrum carbon 
dioxide content. Within a few days the sodium and 
ammonia cxcrctiDn and the urme pH retura to prrtrcat 
ment values despite contmuances of the drug The low 
cred serum sodium concentration, however persists as 
long as sulfanilamide » given (23 days in one 
ment) When the drag is discontinued the reverse 
nomcna arc observed. Sodium ts rclainctf, ammoma ex 
crehon is increased and the tmnt becomes acid. T 
lerum sodium concentration returns to its normal le'’*t 
The potassium excretion follows a course iimilar to 
sodium but of considerably less magnitude. 

In order to define more completely the changes m * 
mtcrnal environroent of the organism caused by suU " 
amide, we are making similar observations on 
clcctro)}1es 
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